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Abstract This paper reviews species of the subfamily Plagioporinae Manter, 1947 in the family 
Opecoelidae Ozaki, 1925 (Trematoda, Digenea, Allocreadioidea) parasitic in freshwater fishes of 
Japan: four identified and one unidentified species of Neoplagioporus Shimazu, 1990, three identi¬ 
fied and one unidentified species of Urorchis Ozaki, 1927, and Opecoelidae gen. sp. of Shimazu 
(1990). Each species is described and figured. A neotype is designated for Podocotyle ayu Taka- 
hashi, 1928, or now Neoplagioporus ayu (Takahashi, 1928). The type host is Plecoglossus altivelis 
altivelis (Temminck and Schlegel, 1846) (Plecoglossidae), which was collected in the Asahi River 
at Takebe-cho (34°52TS1, 133°54'E) (type locality), Kita-ku, Okayama City, Okayama Prefecture, 
Japan. A neotype is designated for Urorchis goro Ozaki, 1927. The type host is Tridentiger 
brevispinis Katsuyama, Arai, and Nakamura, 1972 (Gobiidae), which was collected in the Gantsu 
River at Yabata (36°0'N, 140°31'E) (type locality), Namegata City, Ibaraki Prefecture, Japan. The 
life cycle of U. goro is briefly mentioned. Morphological differences between Neoplagioporus and 
Urorchis are discussed. Keys to genera of the subfamily Plagioporinae in Japan and species of 
Neoplagioporus in Japan are presented. 

Key words: Digeneans, Opecoelidae, Plagioporinae, Neoplagioporus, Urorchis, neotypes, life 
cycle, freshwater fishes, Japan, review. 


Introduction 

This is the tenth paper of a series that reviews 
adult digeneans (Trematoda) parasitic in fresh¬ 
water fishes (Osteichthyes) of Japan (Shimazu, 
2013). Japanese species of the family Opecoeli¬ 
dae Ozaki, 1925 sensu Cribb (2005b) in the 
superfamily Allocreadioidea Looss, 1902 sensu 
Cribb (2005a) are classified into two subfamilies, 
Opecoelinae Ozaki, 1925 and Plagioporinae 
Manter, 1947 (Shimazu, 2016). The species of 
the subfamily Opecoelinae were already 
reviewed (Shimazu, 2016). This contribution 
deals with four identified and one unidentified 
species of Neoplagioporus Shimazu, 1990, three 
identified and one unidentified species of Uror¬ 
chis Ozaki, 1927, and Opecoelidae gen. sp. of 
Shimazu (1990b) in the subfamily Plagioporinae. 


In this subfamily, the intestines end blindly; the 
cirrus pouch encloses the whole bipartite seminal 
vesicle, prostatic complex, and ejaculatory duct; 
a canalicular seminal receptacle is present; and a 
uterine seminal receptacle is absent. Neotypes 
are designated for Podocotyle ayu Takahashi, 
1928, or now Neoplagioporus ayu (Takahashi, 
1928), and Urorchis goro Ozaki, 1927. The life 
cycle of U. goro is briefly mentioned. Morpho¬ 
logical differences between Neoplagioporus and 
Urorchis are discussed. Keys to genera of the 
subfamily Plagioporinae in Japan and species of 
Neoplagioporus in Japan are presented. The 
Introduction, Materials, and Methods for the 
review were given in the first paper (Shimazu, 
2013). 

Abbreviations used in the figures, bp, birth 
pore; c, cercaria; cbp, cercarial body proper; cp, 
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cirrus pouch; ct, cercarial tail; cvd, common 
vitelline duct; e, esophagus; ed, ejaculatory duct; 
egg, egg in uterus and metraterm; ep, excretory 
pore; ev, excretory vesicle; fc, flame cell; ga, 
genital atrium; gp, genital pore; gpr, genital pri- 
mordium; i, intestine; Lc, Laurer’s canal; m, 
metraterm; Mg, Mehlis’ gland; o, ovary; od, ovi¬ 
duct; os, oral sucker; ot, ootype; ovd, ovovitel- 


line duct; p, pharynx; pc, prostatic cells; pgc, 
penetration gland cells; pp, pars prostatica; pr, 
prepharynx; s, stylet; sd, sperm duct; sp, sphinc¬ 
ter; sv, seminal vesicle; sr, seminal receptacle; t, 
testis; tnc, transverse nerve commissure; u, 
uterus; vd, vitelline duct; vf, vitelline follicles; 
vs, ventral sucker. 


Key to two genera of the subfamily Plagioporinae in this paper 

1.1. Intestines ending in testicular region of body or posterior to it; uterus coiled between anterior tes¬ 
tis (rarely posterior testis) and ventral sucker, not extending into post-testicular region; uterine 
eggs not embryonated; vitelline follicles present or absent in post-testicular region 
. Neoplagioporus Shimazu, 1990 

1.2. Intestines ending in testicular region or anterior to it; uterus coiled in all available space of hind- 

body, extending into post-testicular region; uterine eggs fully embryonated; vitelline follicles 
absent in post-testicular region. Urorchis Ozaki, 1927 


Superfamily Allocreadioidea Looss, 1902 
Family Opecoelidae Ozaki, 1925 
Subfamily Plagioporinae Manter, 1947 
Genus Neoplagioporus Shimazu, 1990 
Neoplagioporus zacconis (Yamaguti, 1934) 
(Figs, l^t) 

Caudotestis zacconis Yamaguti, 1934: 292-293, fig. 21; 
Yamaguti, 1938: 20, plate fig. 1; Yamaguti, 1942: 332- 
333. 

Plagioporus {Caudotestis) zacconis'. Yamaguti, 1954 [not 
1953]: 76; Manter, 1954: 514; Yamaguti, 1958: 119; 
Yamaguti, 1971: 185. 

Plagioporus ( Plagioporus ) zacconis'. Skryabin and Koval, 
1958: 533. 

Neoplagioporus zacconis: Shimazu, 1990b: 387-388, 
figs. 1-5; Shimazu and Urabe, 2005: 7-8, figs. 11-14; 
Shimazu, 2008: 56, fig. 11; Shimazu, Urabe, and 
Grygier, 2011: 48-50, figs. 62-64. 

Hosts in Japan. Nipponocypris temminckii 
(Temminck and Schlegel, 1846) (Cyprinidae) 
(type host) (Yamaguti, 1934; Shimazu, 1990b, 
2008; Nakamura et al., 2000; Shimazu and 
Urabe, 2005; Urabe and Higa, 2006; this paper), 
Liobagrus reinii Hilgendorfl 1878 (Amblycipiti- 
dae) (Shimazu and Urabe, 2005), Oncorhynchus 
masou masou (Brevoort, 1856) (Salmonidae) 


(Yamaguti, 1942; Shimazu, 1990b), Opsariich- 
thys uncirostris uncirostris (Temminck and 
Schlegel, 1846) (Cyprinidae) (Yoshida and 
Urabe, 2005; this paper), Pungtungia herzi Her- 
zenstein, 1892 (Cyprinidae) (Nakamura et al, 
2000), and Zacco platypus (Temminck and 
Schlegel, 1846) (Cyprinidae) (Yamaguti, 1938; 
Shimazu, 1990b, 2007, 2008; Nakamura et al., 
2000; Shimazu and Urabe, 2005; Yoshida and 
Urabe, 2005; Urabe and Higa, 2006; Shimazu et 
al, 2011; this paper). 

Sites of infection. Intestine, and also rectum 
(?)• 

Geographical distribution. (1) Ibaraki Pre¬ 
fecture: Lake Kasumigaura at Tsuchiura City 
(Yamaguti, 1942; Shimazu, 1990b). (2) Saitama 
Prefecture: Oppe River at Ogose Town; and 
Iruma River at Hanno City (Shimazu, 1990b). (3) 
Tokyo: Tama River at Fuchu City (this paper). 
(4) Nagano Prefecture: Hiroi River at Kotobuki, 
liyama City (Shimazu, 2007); Chikuma River at 
Ueda City (Shimazu, 1990b); Lake Suwa (Yama¬ 
guti, 1938; Shimazu, 1990b); Lake Suwa at 
Suwa City (Shimazu, 2007); and Tenryu River at 
lna City (Shimazu, 2007). (5) Shiga Prefecture: 
Yasu River at Maeno, Tsuchiyama-cho, Koka 
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Figs. 1—4. Neoplagioporus zacconis , adult specimens found in intestine of Nipponocypris temminckii. 1, holo- 
type of Caudotestis zacconis (MPM Coll. No. 22221), entire body, ventral view; 2, holotype, terminal genita¬ 
lia, ventral view; 3, specimen (NSMT-P1 5270), ovarian complex, dorsal view; 4, specimen (NSMT-P1 5270), 
posterior part of body, ventral view. Scale bars: 0.5 mm in Figs. 1 and 4; 0.2 mm in Figs. 2-3. 


City (Shimazu et al., 2011). (6) Kyoto Prefec¬ 
ture: Uji River at Uji City (Shimazu and Urabe, 
2005); and Uji Power Station pond at Yamada, 
Uji City (Shimazu et al., 2011). (7) Nara Prefec¬ 
ture: Takami River at Kotsugawa, Higashiyo- 
shino Village (Nakamura et al., 2000; Shimazu 
and Urabe, 2005). (8) Wakayama Prefecture: 
Tonda River at Fukusada, Kurisugawa, and 
Ookawa, all Nakahechi, Tanabe City (Shimazu, 
2008). (9) Hyogo Prefecture: Asago River (type 
locality) (Yamaguti, 1934; Shimazu, 1990b; this 
paper). (10) Hiroshima Prefecture: Kannose 
River at Matsugase, Kimita-cho, Miyoshi City 
(Shimazu, 1990b; this paper); and Nukui River at 
Hara, Hachihonmatsu-cho, Higashihiroshima 
City (this paper). (11) Tokushima Prefecture: 
Kaifu River at Higashikuwabara, Ogawa; 
Nakano, Aikawa; and Yoshino, all Kaiyo Town 


(Shimazu, 2008). (12) Kochi Prefecture: Sakura 
River at Koda, and Matsuda River at Ninomiya, 
both Sukumo City (Shimazu, 2008). (13) 
Fukuoka Prefecture: Naka River at Terase 
Bridge, Narutake, Nakagawa Town (Urabe and 
Higa, 2006). (14) Oita Prefecture: Chikugo River 
at Kobuchi Bridge, Miyoshikobuchi-machi 
(Yoshida and Urabe, 2005; this paper) and 
Ooyama River at Seiwa Bridge, Ooyama-machi, 
both Hita City (this paper). 

in Korea ( e.g ., Kim et al., 1998) and China 
(e.g., Wang et al., 1985). 

Material examined. (1) 2 specimens (Yama¬ 
guti s Collection, MPM Coll. No. 22221, holo¬ 
type and 1 paratype of Caudotestis zacconis ) of 
Neoplagioporus zacconis, adidt, ex intestine of 
Nipponocypris temminckii (syn. Zacco tem¬ 
minckii), Asago [not Asako] River (exact collect- 
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ing locality not indicated), 23 March 1932 
(Yamaguti, 1934; Shimazu, 1990b). (2) 1 (Yama- 
guti’s Collection, MPM Coll. No. 22222) of N 
zacconis, adult, ex intestine of Oncorhynchus 
mason mason (syn. On. mason) (land-locked 
form), Lake Kasumigaura, 4 April 1940 (Yama- 
guti, 1942; Shimazu, 1990b). (3) 9 (NSMT-P1 
5846), adult, ex intestine of Z. platypus, Tama 
River, 3 August 2011. (4) 6 (NSMT-P1 3624- 
3626) of N. zacconis, immature, adult, ex intes¬ 
tine of Z. platypus, Oppe and Iruma rivers, 19 
May 1976, 13 October 1976 (Shimazu, 1990b). 
(5) 3 (Yamaguti's Collection, MPM Coll. No. 
22178) of N. zacconis, adult, ex intestine of Z. 
platypus (not Z. temminckii ), Lake Suwa (exact 
collecting locality not indicated), 17 May 1935 
(Yamaguti, 1938; Shimazu, 1990b). (6) 1 
(NSMT-P1 5482) of N. zacconis, adult, ex intes¬ 
tine of Z. platypus. Lake Suwa at Suwa City, 14 
November 1991 (Shimazu, 2007). (7) 5 (NSMT- 
P1 3623) of N. zacconis, immature, adult, ex 
intestine of Z. platypus, Chikuma River, 1 June 
1973 (Shimazu, 1990b). (8) 16 (NSMT-P1 5483- 
5487, 5794) of N. zacconis , immature, adult, ex 
intestine of Z. platypus, Hiroi River, 24 Novem¬ 
ber 1996, 12 June 1999, 10 July 1999, 26 Sep¬ 
tember 1999, 16 October 1999 (Shimazu, 2007). 
(9) 2 (NSMT-P1 5488) of N. zacconis, adult, ex 
intestine of Z. platypus, Tenryu River, 9 Septem¬ 
ber 2000 (Shimazu, 2007). (10) 2 (LBM 1-54) of 
N. zacconis, immature, ex intestine of Z. platy¬ 
pus, Yasu River, 18 October 1997 (Shimazu et 
al, 2011). (11) 33 (NSMT-P1 5268, 5269, [not 
5257]) of N. zacconis, immature, adult, ex intes¬ 
tine of Z. platypus, Uji River, 30 April 1998, 2 
May 1998 (Shimazu and Urabe, 2005). (The 
measurements given are erroneous. Correct mea¬ 
surements will be obtained by multiplying them 
by 0.8.) (12) 13 (LBM 7-33) of N. zacconis, 
immature, adult, ex rectum (accidental (?)) of Z. 
platypus, Uji Power Station pond, 2 February 
2001 (Shimazu et al, 2011). (13) Specimens of 
N. zacconis, Takami River: 22 (NSMT-P1 5270), 
adult, ex intestine of Ni. temminckii, 26-28 and 
30 July 1999; and 15 (NSMT-P1 5257, 5271), 
immature, adult, ex intestine of Liobagrus reinii. 


27, 28, and 30 July 1999 (Shimazu and Urabe, 
2005). (The measurements given are erroneous. 
Correct measurements will be obtained by multi¬ 
plying them by 0.8.) (14) 3 (NSMT-P1 3627) of 

N. zacconis, adult, ex intestine of Z. platypus, 
Kannose River at Matsugase, Kimita Village, 
now Kimita-cho, Miyoshi City, 30 October 1976 
(Shimazu, 1990b). (15) 9 (NSMT-P1 5793), 
adult, ex intestine of Ni. temminckii, Nukui 
River, 25 July 1991. (16) Specimens of A. zacco¬ 
nis'. 5 (NSMT-P1 5547), adult, ex intestine of Z. 
platypus, Tonda River, 3 August 1999; 17 
(NSMT-P1 5548-5550), immature, adult, ex 
intestine of Z. platypus, Kaifu River, 11, 12, 14, 
and 16 September 1998; 1 (NSMT-P1 5551), 
adult, ex intestine of Z. platypus, Matsuda River, 
6 August 2000; 15 (NSMT-P1 5552-5554), 
immature, adult, ex intestine of Ni. temminckii, 
Tonda River, 2-4 August 1999; and 13 (NSMT- 
P1 5555), immature, adult, ex intestine of Ni. 
temminckii, Sakura River, 29 July 2000 
(Shimazu, 2008). (17) 8 (Urabe’s personal collec¬ 
tion) of N. zacconis, immature, adult, ex intestine 
of Z. platypus and Opsariichthys uncirostris 
uncirostris, Chikugo River, 15 April 2003, 25 
August 2003 (Yoshida and Urabe, 2005). (18) 7 
(Urabe s unpublished specimens) of N. zacconis, 
adult, ex intestine of O. uncirostris uncirostris, 
Ooyama River, 19 September 2002. 

Description. Based on 77 adult specimens 
(MPM Coll. No. 22221, NSMT-P1 3623-3627, 
5268-5271) (Figs. l^T). Body broad-ovate, 
small, 1.42-3.33 by 0.67-1.56 (holotype, 1.61 by 

O. 88, Figs. 1-2); forebody 0.63-1.46 long, occu¬ 
pying 35-47% of body length. Oral sucker 0.18- 
0.28 by 0.17-0.30. Prepharynx very short. Phar¬ 
ynx 0.10-0.17 by 0.09-0.17. Esophagus 
bifurcating about halfway between pharynx and 
ventral sucker. Intestines ending blindly at about 
midlevel of testicular region or posterior border 
of posterior testis. Ventral sucker 0.29-0.58 by 
0.31-0.53; sucker width ratio 1; 1.4-2.1. Testes 
entire or slightly indented irregularly, 0.09-0.62 
by 0.10-0.75, median, tandem or slightly 
oblique, contiguous, in posterior half of hind- 
body, close to posterior extremity of body. Cirrus 
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pouch entire, clavate, thick-walled, overlapping 
ventral sucker posteriorly, 0.28-0.80 by 0.08- 
0.18. Seminal vesicle straight or sinuous, dis¬ 
tinctly bipartite, occupying posterior half of cir¬ 
rus pouch; anterior portion clavate, thick-walled; 
posterior portion globular, thin-walled. Pars pros- 
tatica small; prostatic cells well developed. Ejac¬ 
ulatory duct short, sometimes slightly everted. 
Genital atrium small. Genital pore sinistrally 
submedian, at pharyngeal level. Ovary deeply 
3-lobed, 0.16-0.34 by 0.16-0.69, immediately 
pretesticular and median, or dextrally submedian 
and anterolateral to anterior testis; lobes rarely 
further lobulated; oviduct long, connecting to 
side of seminal receptacle on its way to ovovitel- 
line duct, with sphincter at pore going into semi¬ 
nal receptacle, with no sphincter at pore going 
out of seminal receptacle, two pores opening side 
by side (Fig. 3). Seminal receptacle canalicular, 
clavate, 0.10-0.43 by 0.05-0.16, almost median, 
dorsal to ovary, tapering anteriorly to change into 
short Laurer's canal. Ootype vesicular, large; 
Mehlis' gland well developed, emptying into 
ovovitelline duct. Uterus coiled several times 
between anterior testis and ventral sucker, 
slightly overlapping intestines, extending posteri¬ 
orly to middle of anterior testis (Fig. 4) or rarely 
of posterior testis (see Shimazu, 1990b, fig. 5); 
metraterm about half as long as cirrus pouch. 
Eggs fairly numerous, light brown, 63-80 by 
38-44 fim (collapsed). Vitelline follicles distrib¬ 
uted from pharynx to posterior extremity of 
body, usually absent from lateral and posterior 
peripheral fields of body (Fig. 1) but rarely pres¬ 
ent in these fields (Fig. 4), separate anteriorly, 
confluent posteriorly. Excretory vesicle reaching 
to middle of anterior testis; excretory pore pos- 
terodorsal. 

Remarks. Yamaguti (1934) described Caudo- 
testis zacconis as a new species on the basis of 
four adidt specimens. Yamaguti s Collection 
includes only two (MPM Coll. No. 22221) of 
them at present (Shimazu, 1990b; this paper). 
Shimazu (1990b) established a new genus, Neo- 
plagioporus, with C. zacconis, or now N. zacco¬ 
nis (Yamaguti, 1934), as the type species. 


The ovary in this species is usually deeply 
3-lobed, and the lobes were rarely further lobu¬ 
lated (Yamaguti, 1934, 1938, 1942; Shimazu, 
1990b; Shimazu and Urabe, 2005; Shimazu, 
2008; this paper). Flowever, Kim et al. (1998) 
described it as usually deeply 2-lobed but rarely 
deeply 3-lobed in adult specimens found in Z. 
platypus from Korea. It is immediately pretestic¬ 
ular and median, or dextrally submedian and 
anterolateral to the anterior testis, or rarely 
almost opposite (or dextral to) the anterior testis 
(Yamaguti, 1938; Shimazu, 2008, fig. 11; this 
paper). The adult specimen (LBM 7-33) found in 
Z. platypus from Uji Power Station pond had a 
3-lobed ovary located sinistral to the anterior tes¬ 
tis (Shimazu et al, 2011, fig. 65). 

The seminal receptacle in Neoplagioporus and 
Urorchis is canalicular and clavate, tapering 
anteriorly to change into Laurer's canal at its 
anterior end (Takahashi, 1928, 1929; Yamaguti, 
1934, 1942; Shimazu, 1990a, b, 2016; Shimazu 
and Urabe, 2005; Shimazu et al., 2011; this 
paper, Figs. 3 and 14). The oviduct connects to 
the side of the seminal receptacle on its way to 
the ovovitelline duct, with a sphincter at the pore 
going into the seminal receptacle, but with no 
sphincter at the pore going out of the seminal 
receptacle. The two pores open side by side. 

As seen above, N. zacconis has been recorded 
from cyprinids (four species), an amblycipitid, 
and a salmonid in rivers and lakes (including a 
pond) in Kanto Region (Ibaraki and Saitama Pre¬ 
fectures and Tokyo), Chubu Region (Nagano 
Prefecture), Kinki Region (Shiga, Kyoto, Nara, 
Wakayama, and Flyogo Prefectures), Chugoku 
Region (Fliroshima Prefecture), Shikoku Region 
(Tokushima and Kochi Prefectures), and Kyushu 
Region (Fukuoka and Oita Prefectures). 

Life cycle. Not known. 

Neoplagioporus ayu (Takahashi, 1928) 

(Fig. 5) 

Podocotyle ayu Takahashi, 1928: 51-55, figs. 1-3; Taka¬ 
hashi, 1929: 1927-1928, pi. 2, fig. 8; Yamaguti, 1934: 
295, fig. 22. 



Fig. 5. Neoplagioponis avu, neotype (NSMT-P1 5889), adult specimen found in intestine of Plecoglossus altive¬ 
lis altivelis, entire body, ventral view. Scale bar: 0.5 mm. 

Figs. 6-9. Neoplagioporus elongatus, adult specimens. 6, syntype (MPM Coll. No. 30024) of Lebouria elongata 
found in “ Sarcocheilichthvs variegatus (Temminck et Schlegel),” entire body, ventral view, elongatus type of 
N. elongatus ; 7, syntype of L. elongata , posterior part of body, ventral view, elongatus type; 8, holotype of 
Caudotestis orientalis (MPM Coll. No. 22219) found in intestine of “Sarcocheilichthys variegatus (Temm. et 
Schl.)," posterior part of body, ventral view, orientalis type; 9, holotype (MPM Coll. No. 22220) of C. gnatho- 
pogonis found in intestine of Gnathopogon elongatus elongatus , posterior part of body, ventral view, orienta¬ 
lis type. Figs. 7 and 9 and Fig. 8 redrawn from Shimazu et al. (2011) and Shimazu (1990b), respectively. Scale 
bars: 0.5 mm in Figs. 6 and 8; 0.3mm in Figs. 7 and 9. 


Neoplagioporus ayu: Shimazu, 1990b: 390-391, figs. 
6-9; Shimazu, 2008: 54-55, fig. 10. 

Host in Japan. Plecoglossus altivelis altivelis 
(Temminck and Schlegel, 1846) (Plocoglossidae) 
(type host) (Takahashi, 1928, 1929; Yamaguti, 
1934; Shimazu, 1990b, 2008; Yanagi et al., 
2010 ). 

Sites of infection. Intestine and pyloric ceca. 


Geographical distribution. (1) Kyoto Prefec¬ 
ture: Hozu River; and Yura River at Komori, 
Ooe-cho, Fukuchiyama City (Yamaguti, 1934; 
Shimazu, 1990b; this paper). (2) Wakayama Pre¬ 
fecture: Tonda River at Fukusada and Ookawa, 
Nakahechi, Tanabe City (Shimazu, 2008). (3) 
Okayama Prefecture: Asahi River (Takahashi, 
1928) and Asahi River at Takebe-cho (type local- 
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ity), Kita-ku, Okayama City (this paper); and in 
the vicinity of Okayama City (Takahashi, 1929). 
(4) Kochi Prefecture: Matsuda River at Naka- 
tsuno and Ninomiya, Sukumo City (Shimazu, 
2008). (5) Oita Prefecture: Chikugo River at 
Kobuchi Bridge, Miyoshikobuchi-machi, Hita 
City (Yoshida and Urabe, 2005; this paper) and 
at Hita City (Yanagi et al., 2010). 

Material examined. (1) 5 specimens (Yama- 
guti's Collection, MPM Coll. No. 22579, Podo- 
cotyle ayu) of Neoplagioporus ayu, adult, ex 
intestine of Plecoglossus altivelis altivelis (syn. 
PI. altivelis), Hozu River (exact collecting local¬ 
ity not indicated), 15 July 1929, 16 July 1932 
(Yamaguti, 1934; Shimazu, 1990b). (2) 3 (Yama- 
guti’s Collection, MPM Coll. No. 22624, Po. 
ayu) of N. ayu, adult, ex intestine of PI. altivelis 
altivelis, Yura River at Komori, now in Ooe-cho, 
Fukuchiyama City, 20 November 1929 (Yama¬ 
guti, 1934; Shimazu, 1990b). (3) 45 (NSMT-P1 

5889, slightly flattened, 21 September 2012; 

5890, heat-killed, 21 September 2013), adult, ex 
intestine of PI. altivelis altivelis, Asahi River at 
Takebe-cho. (4) 2 (NSMT-P1 5543, 5544) of N. 
ayu, adult, ex intestine of PI. altivelis altivelis, 
Tonda River, 2 and 3 August 1999 (Shimazu, 
2008). (5) 6 (NSMT-P1 5545, 5546) of N. ayu, 
adult, ex intestine and pyloric ceca of PI. altivelis 
altivelis, Matsuda River, 6 and 7 August 2000 
(Shimazu, 2008). (6) 55 (Urabe s personal collec¬ 
tion) of N. ayu, immature, adult, ex intestine of 
PI. altivelis altivelis, Chikugo River at Kobuchi 
Bridge, 22 September 2003 (Yoshida and Urabe, 
2005). 

Description. 1) Based on 30 slightly flat¬ 
tened adult specimens (NSMT-P1 5889) (Fig. 5). 
Body elongate-ovate, small, 1.40-2.06 by 0.60- 
0.81; forebody 0.48-0.68 long, occupying 
28-34% of body length. Oral sucker 0.14-0.17 
by 0.16-0.20. Prepharynx very short. Pharynx 
large, 0.11-0.15 by 0.11-0.13. Esophagus bifur¬ 
cating between pharynx and ventral sucker. 
Intestines extending to near posterior extremity 
of body. Ventral sucker 0.21-0.27 by 0.25-0.30; 
sucker width ratio 1:1.4-1.6. Testes globular or 
slightly indented irregularly, 0.12-0.25 by 0.32- 


0.35, tandem, contiguous, in middle third of 
hindbody. Cirrus pouch clavate, 0.32-0.53 by 
0.11-0.15, extending posteriorly slightly beyond 
ventral sucker. Seminal vesicle occupying poste¬ 
rior two-thirds of cirrus pouch. Pars prostatica 
small; prostatic cells well developed. Ejaculatory 
duct short. Genital atrium shallow. Genital pore 
at midlevel of esophagus. Ovary 3-lobed, 0.08- 
0.19 by 0.21-0.30. Seminal receptacle 0.28-0.33 
by 0.08-0.12. Laurers canal fairly long. Uterus 
coiled between ovary and ventral sucker, over¬ 
lapping intestines; metraterm about half as long 
as cirrus pouch. Eggs numerous, light brown, 
67-78 by 39-48,«m (collapsed). Vitelline folli¬ 
cles distributed usually from ventral sucker to 
near posterior extremity of body, sometimes 
from intestinal bifurcation on one side or both 
sides of body. Excretory vesicle extending to 
middle or posterior border of posterior testis; 
excretory pore posterodorsal. 

Remarks. Takahashi (1928) described Podo- 
cotyle ayu as a new species on the basis of adult 
specimens found in Plecoglossus altivelis altive¬ 
lis from the Asahi River (exact collecting locality 
not indicated). He did not designate the holotype 
for this species. Shimazu (1990b) transferred the 
species from Podocotyle Dujardin, 1845 to Neo¬ 
plagioporus as a new combination, N. ayu (Taka¬ 
hashi, 1928). 

Takahashi (1928, fig. 2) and Shimazu (1990b, 
fig. 9) described Mehlis gland as surrounding the 
ootype. However, Mehlis gland actually empties 
into the ovovitelline duct (Takahashi, 1929; 
Yamaguti, 1934; this paper). Yamaguti (1934, fig. 
22) described Laurer s canal as narrow with no 
cellular coat in its distal portion and ending 
blindly. However, this description is erronous: 
Laurer s canal is normal, opening dorsally; and 
what he called its distal portion is a bundle of 
sperm that had come out of the aperture of Lau- 
rer’s canal (Shimazu, 1990b). The vitelline folli¬ 
cles are anteriorly distributed usually to the ven¬ 
tral sucker on both sides of the body but 
sometimes to the bifurcal level on one or both 
sides (Takahashi, 1928; Shimazu, 1990b, 2008; 
this paper). The excretory vesicle reaches usually 
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to the middle of the posterior testis [not to the 
ovary as described by Shimazu (2008)] but 
sometimes only to the posterior border of the 
posterior testis (Takahashi, 1928; Shimazu, 
1990b; Shimazu, 2008, fig. 10). 

As mention above, N. ayu has been recorded 
from PI. altivelis altivelis in rivers in Kinki 
Region (Kyoto and Wakayama Prefectures), 
Chugoku Region (Okayama Prefecture), Shikoku 
region (Kochi Prefecture), and Kyushu Region 
(Oita Prefecture). 

None of Takahashi's (1928, 1929) specimens 
of Podocotyle ayu are deposited in the collection 
of the Faculty of Medicine (formerly Okayama 
Igaku Senmon Gakko), Okayama University, 
Okayama (Toshiki Aji, personal communication, 
14 November 2012), which suggests that all of 
them were lost. Therefore, I here designate a 
neotype for Po. ayu, as follows. 

Designation of a neotype of Podocotyle ayu 
Takahashi, 1928, or now Neoplagioporus ayu 
(Takahashi, 1928). Neotype: a whole-mounted 
adult specimen (NSMT-P1 5889), slightly flat¬ 
tened, 2.03mm long by 0.79mm wide, Fig. 5, 21 
September 2012. 

Type host. Plecoglossus altivelis altivelis 
(Temminck and Schlegel, 1846) (Plecoglossi- 
dae). 

Site of infection. Intestine. 

Type locality. Asahi River at Takebe-cho 
(34°52'N, 133°54'E), Kita-ku, Okayama City, 
Okayama Prefecture, Japan. 

It is noteworthy that Takahashi (1929, fig. 9) 
described the ovarian complex of “a new species 
of Podocotyle" found in the intestine of Pseudo- 
rasbora parva (Temminck and Schlegel, 1846) 
(Cyprinidae) collected in the vicinity of 
Okayama City. Although he intended to describe 
this new species, he did not. It differs from Po. 
ayu, or now N. ayu (see above), in that the ovary 
is elliptical and the oviduct connects to the poste¬ 
rior end of the seminal receptacle. Takahashi s 
(1929) species may have been either Neoplagio¬ 
porus elongatus (Goto and Ozaki, 1930) or Uror- 
chis acheilognathi Yamaguti, 1934 (see below). 

Life cycle. Not known. 


The only final host PI. altivelis altivelis is 
amphidromous. It has been uncertain whether N. 
ayu is a freshwater species or a marine (or brack¬ 
ish-water) species. Yanagi et al. (2010) proved 
that N. ayu was a freshwater species. After fry of 
PI. altivelis altivelis raised artificially in hatcher¬ 
ies were released in the upper reaches of the Chi- 
kugo River at Hita City, they became infected 
with N. ayu there. 

Neoplagioporus elongatus 
(Goto and Ozaki, 1930) 

(Figs. 6-9) 

Lehouria elongata Goto and Ozaki, 1930: 75, fig. 2. 
Plagioporus elongata [sic, should be elongatus]'. Price, 
1934: 6. 

Caudotestis orientalis Yamaguti, 1934: 288-289, fig. 19. 
Caudotestis gnathopogonis Yamaguti, 1934: 290-292, fig. 
20 . 

Plagioporus (Caudotestis) elongatus: Yamaguti, 1954 
[not 1953]: 76; Manter, 1954: 512; Yamaguti, 1958: 
118; Yamaguti, 1971: 185. 

Plagioporus (Caudotestis) gnathopogonis: Yamaguti, 
1954 [not 1953]: 76; Manter, 1954: 512; Yamaguti, 
1958: 118; Yamaguti, 1971: 185. 

Plagioporus (Plagioporus) elongatus: Skryabin and 
Koval, 1958: 459, fig. 148. 

Plagioporus (Plagioporus) orientalis: Skryabin and 
Koval, 1958: 494, 497^198, figs. 163 and 163a. 
Plagioporus orientalis: Koval, 1959: 129. 

Neolebouria elongatus [sic, should be elongata]: Gibson, 
1976:252. 

Neoplagioporus elongatus: Shimazu, 1990b: 393-394, 
figs. 10-17; Shimazu and Urabe, 2005: 6-7, figs. 8-10; 
Shimazu, Urabe, and Grygier, 2011: 43, 45, 47, figs. 
51-61. 

Hosts in Japan. “Sarcocheilichthys variega- 
tus (Temminck et Schlegel)” (Cyprinidae) (type 
host) (Goto and Ozaki, 1930; Shimazu, 1990b; 
Shimazu et al., 2011), “Sarcocheilichthys varie- 
gatus (Temm. et Schl.)” (Yamaguti, 1934), “S. 
variegatus” (Shimazu, 1990b; Shimazu et al., 
2011), Biwia zezera (lshikawa, 1895) (Cyprini¬ 
dae) (Shimazu et al., 2011), Carassius auratus 
subsp. 1 (Japanese name: Naga-buna) (Shimazu, 
2007; this paper), Coreoperca kawamebari 
(Temminck and Schlegel, 1843) (Percichthyidae) 
(Urabe and Higa, 2006; this paper), Gnatho- 
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pogon elongatus elongatus (Temminck and 
Schlegel, 1846) (Cyprinidae) (Yamaguti, 1934; 
Shimazu, 1990b, 2007; Shimazu et al, 2011), 
Gymnogobius isaza (Tanaka, 1916) (Gobiidae) 
(Shimazu et al., 2011), Gymnogobius urotaenia 
(Hilgendorf, 1879) (Shimazu, 2007; Shimazu 
and Urabe, 2005), Hemibarbus barbus (Tem¬ 
minck and Schlegel, 1846) (Cyprinidae) 
(Shimazu, 1990b, 2007; Shimazu and Urabe, 
2005; Shimazu et al, 2011), Hemibarbus labeo 
(Pallas, 1776) (Shimazu et al., 2011), Odonto- 
butis obscura (Temminck and Schlegel, 1845) 
(Odontobutidae) (Shimazu, 1990b), Pseudogobio 
esocinus esocinus (Temminck and Schlegel, 
1846) (Cyprinidae) (Yamaguti, 1934; Shimazu, 
1990b, 2007; Urabe and Higa, 2006; Shimazu et 
al, 2011; this paper), Pseudorasbora parva 
(Cyprinidae) (Shimazu, 2007), Pungtungia herzi 
(Cyprinidae) (Yoshida and Urabe, 2005; Urabe 
and Higa, 2006; Shimazu et al, 2011; this 
paper), Rhinogobius flumineus (Mizuno, 1960) 
(Gobiidae) (Shimazu et al, 2011), ‘Rhinogobius 
sp.” (this paper), Rhinogobius sp. BW (Shimazu 
et al, 2011), Rhinogobius sp. OR (Shimazu and 
Urabe, 2005), Sarcocheilichthys variegatus 
microoculus Mori, 1927 (Cyprinidae) (Shimazu, 
1990b, 2007; Shimazu et al, 2011; this paper), 
Sarcocheilichthys variegatus variegatus (Tem¬ 
minck and Schlegel, 1846) (Shimazu and Urabe, 
2005), Squalidus chankaensis biwae (Jordan and 
Snyder, 1900) (Cyprinidae) (Shimazu and Urabe, 
2005; Shimazu et al., 2011), Squalidus japonicus 
japonicus Sauvage, 1883 (Shimazu et al, 2011), 
Tribolodon hakonensis (Gunther, 1877) (Cyprini¬ 
dae) (Shimazu, 1990b; Shimazu et al, 2011), and 
Tridentiger brevispinis Katsuyama, Arai, and 
Nakamura, 1972 (Gobiidae) (Shimazu and 
Urabe, 2005; Shimazu et al, 2011). 

Sites of infection. Intestine, and also rectum 
(accidental (?)). 

Geographical distribution. (1) Nagano Pre¬ 
fecture: Lake Suwa (Shimazu, 1990b) and Lake 
Suwa at Suwa City (Shimazu, 2007). (2) Shiga 
Prefecture: Lake Biwa (type locality) (Goto and 
Ozaki, 1930; Yamaguti, 1934; Shimazu, 1990b; 
Shimazu et al, 2011) and Lake Biwa basin 


(Daido river-2 at Kinose, Shigaraki-cho, Koka 
City; Hachiyadohama, Hachiyado, Otsu City; 
Harie River at Harie, Shin’asahi-cho, Takashima 
City; Imazu-cho, Takashima City; Mano, Otsu 
City; Momose, Chinai, Makino-cho, Takashima 
City; Moriyama City; Omatsu, Minamikomatsu, 
Otsu City; Onoe, Kohoku-cho, Nagahama City; 
Seta River-1 at Sekinotsu, Otsu City; and Yasu 
river at Maeno, Tsuchiyama-cho, Koka City) 
(Shimazu, 1990b; Shimazu et al., 2011; this 
paper). (3) Kyoto Prefecture: Lake Ogura (Yama¬ 
guti, 1934; Shimazu, 1990b); Kowata Pond in 
Uji City (Shimazu, 1992; this paper); and Uji 
River at Uji City (Shimazu and Urabe, 2005). (4) 
Osaka Prefecture (?): Yodo River (Yamaguti, 
1934; Shimazu, 1990b). (5) Hiroshima Prefec¬ 
ture: Seki and Kozu rivers at Shiraki-cho, 
Asakita-ku, Hiroshima City (this paper). (6) 
Fukuoka Prefecture: Naka River at Terase 
Bridge, Narutake, Nakagawa Town (Urabe and 
Higa, 2006; this paper). (7) Oita Prefecture: Chi- 
kugo River at Kobuchi Bridge, Miyoshikobuchi- 
machi, Hita City (Yoshida and Urabe, 2005; this 
paper). 

In China ( e.g., Wang, 1984; Wang et al, 
1985). 

Material examined. (1) 75 specimens (Oza- 
ki’s Collection, MPM Coll. No. 30024, labeled 
“Lebouria H1GAI,” other data not given, syn- 
types of L. elongata) of Neoplagioporus elonga¬ 
tus, adult, ex “Sarcocheilichthys variegatus 
(Temminck et Schlegel)” (Shimazu, 1990b; 
Shimazu et al, 2011). (2) 2 (Yamaguti's Collec¬ 
tion, MPM Coll. No. 22631, labeled “Caudotes- 
tis,” site of infection not given) of N. elongatus, 
immature, adult, ex “S. variegatus," Lake Biwa 
(exact collecting locality not indicated), 3 
December 1938 (Shimazu, 1990b; Shimazu et 
al, 2011). (3) 2 (Yamaguti's Collection, MPM 
Coll. No. 22219, holotype and 1 paratype of 
Caudotestis orientalis) of N. elongatus, adult, ex 
intestine of “ Sarcocheilichthys variegatus 
(Temm. et Schl.),” Lake Ogura (not Yodo River), 
26 October 1931 (Yamaguti, 1934; Shimazu, 
1990b). (4) 1 (Yamaguti's Collection, MPM Coll. 
No. 22180, 1 paratype of C. orientalis), adult, ex 
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intestine of Pseudogobio esocinus esocinus (syn. 
Ps. esocinus), Yodo River (exact collecting local¬ 
ity not indicated, Osaka Prefecture (?)), 27 
March 1928 (Yamaguti, 1934; Shimazu, 1990b). 
(5) 1 (Yamaguti's Collection, MPM Coll. No. 
22220, holotype of C. gnathopogonis) of A. elon- 
gatus, adult, ex intestine of Gnathopogon elon- 
gatus elongatus (syn. Gn. elongatus). Lake Biwa 
(exact collecting locality not indicated), 13 
March 1932 (Yamaguti, 1934; Shimazu, 1990b; 
Shimazu et al., 2011). (6) 1 (Yamaguti's Collec¬ 
tion, MPM Coll. No. 22625) of A. elongatus, 
adult, ex stomach of Odontobutis obscura. Lake 
Ogura, 4 May 1932 (Shimazu, 1990b). (7) Speci¬ 
mens of A. elongatus. Lake Biwa basin: 180 
(NSMT-P1 3628-3629, 3630 (from formalin- 
fixed fish), 5731, 5732, LBM 3-24, -27, -46, 8-37 
to -39), immature, adult, ex intestine of S. varie- 
gatus microoculus, Onoe (Kohoku Town, now 
Kohoku-cho, Nagahama City), Imazu-cho, Harie 
River, Momose, Moriyama City, 4 May 1980, 3 
June 1980, 29 November 1983, 1 and 2 May 
1992, 5 May 2000, 19 October 2000, 24 Novem¬ 
ber 2007; about 490 (NSMT-P1 3631, 5733 (hot 
formalin-fixed), 3976, 5734, LBM 1-51, 7-26 to 
-30), immature, adult, ex intestine of Hemibar- 
bus barbus, Onoe, Moriyama City, Hachiyado- 
hama, Momose, Imazu-cho, 3 June 1980, 2 and 4 
May 1992, 14 May 1998, 1 May 2001; 5 (LBM 
5-43 to -47, hot formalin-fixed), adult, ex intes¬ 
tine of He. labeo. Seta River-1, 1 May 2001; 1 
(NSMT-P1 3632), adult, ex intestine of Tribolo- 
don hakonensis, Onoe, 3 June 1980; 2 (LBM 
1-75), adult, ex intestine of Biwia zezera, Hachi- 
yadohama, 14 May 1998; 3 (LBM 1-30, -31), 
adult, ex intestine of Ps. esocinus esocinus, Yasu 
River, Hachiyadohama, 18 October 1997, 14 
May 1998; 3 (LBM 3-42, -43, -45), adult, ex 
intestine of Pungtungia herzi, Yasu River, 14 
October 2000; 1 (NSMT-P1 5735), adult, ex 
intestine of Squalidus chankaensis biwae, 
Omatsu, 1 May 1992; 5 (LBM 1-14), immature, 
adult, ex intestine of Sq. japonicus japonicus, 
Hachiyadohama, 14 May 1998; 1 (NSMT-P1 
3977), adult, ex intestine of Gymnogobius isaza, 
Omatsu, 30 April 1992; 11 (LBM 3-18, -20 to 


-23), immature, ex intestine of Rhinogobius flu - 
mineus, Daido River-2, 1 May 2000; 7 (LBM 1-7 
to -9), adult, ex “gut” (intestine (?)) of Rhinogo¬ 
bius sp. BW, Imazu-cho, 19 May 1998; and 3 
(NSMT-P1 3978, LBM 3-38, 1340000023), adult, 
ex intestine and “gut” (intestine (?)) of Triden- 
tiger brevispinis, Omatsu, Mano, Imazu-cho, 5 
May 1992, 10 June 1999, 10 July 2002 
(Shimazu, 1990b; Shimazu et al., 2011). (8) 2 
(Yamaguti's Collection, MPM Coll. No. 22181, 
labeled “Caudotestis orientalis ”) of A. elongatus, 
adult, ex intestine of S. variegatus microoculus, 
Lake Suwa (exact collecting locality not indi¬ 
cated), 30 March 1936 (Shimazu, 1990b). (9) 
Specimens of A. elongatus. Lake Suwa at Suwa 
City: 25 (NSMT-P1 5465-5469), adult, ex intes¬ 
tine of S. variegatus microoculus, 13 September 

1991, 5 October 1991, 14 November 1991, 16 
and 30 October 1993; 32 (NSMT-P1 5470-5473), 
immature, adult, ex intestine of Pseudorasbora 
parva, 13 September 1991, 30 October 1993, 21 
July 1994, 29 May 1999; 47 (NSMT-P1 5474- 
5476), immature, adult, ex intestine of Ps. esoci¬ 
nus esocinus, 14 November 1991, 14 September 

1992, 29 May 1999; 1 (NSMT-P1 5477), adult, ex 
intestine of Gn. elongatus elongatus, 2 July 
1992; 1 (NSMT-P1 5478), adult, ex intestine of 
H. barbus, 18 September 1999; 1 (NSMT-P1 
5479), adult, ex intestine of Carassius auratus 
subsp. 1, 19 May 1992; and 9 (NSMT-P1 5480), 
immature, ex intestine of Gy. urotaenia, 16 Octo¬ 
ber 1993 (Shimazu, 2007). (10) 2 (Yamaguti’s 
Collection, MPM Coll. No. 22742) of A. elonga¬ 
tus, adult, ex intestine of Pseudorasbora parva, 
Kowata Pond [not Lake Kohata], 14 May 1928 
(Shimazu, 1992). (11) Specimens of A. elonga¬ 
tus, Uji River: 35 (NSMT-P1 5261), immature, 
adult, ex intestine of S. variegatus variegatus, 30 
April 1998, 2 May 1998; 212 (NSMT-P1 55262- 
55263), immature, adult, ex intestine of H. bar- 
bus, 30 April 1998, 2 May 1998; 9 (NSMT-P1 
5264), adult, ex intestine of Sq. chankaensis 
biwae, 2 May 1998; 5 (NSMT-P1 5265), imma¬ 
ture, adult, ex intestine of Gy. urotaenia, 30 April 
1998; 3 (NSMT-P1 5266), adult, ex rectum (acci¬ 
dental (?)) of Rhinogobius sp. OR, 2 May 1998; 
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and 38 (NSMT-P1 5267), adult, ex intestine and 
rectum of Tr. brevispinis, 30 April 1998, 2 May 
1998 (Shimazu and Urabe, 2005). (The measure¬ 
ments given are erroneous. Correct measure¬ 
ments will be obtained by multiplying them by 
0.8.) (12) 4 (NSMT-P1 5481), adult, ex intestine 
of Coreoperca kawamebari, Seki River, 25 July 
1991. (13) 6 (NSMT-P1 5792), adult, ex intestine 
of “Rhinogobius sp.,” Kozu River, 25 July 1991. 
(14) Specimens of N. elongatus, Naka River: 23 
(NSMT-P1 5461, Urabe’s unpublished speci¬ 
mens), adult, ex intestine of Ps. esocinus esoci- 
nus, 25 November 2003, 23 December 2003, 18 
October 2004; 2 (NSMT-P1 5462, Urabe’s unpub¬ 
lished specimens), adult, ex intestine of Pu. 
herzi, 8 October 2003, 31 March 2004; 2 
(NSMT-P1 5460), adult, ex intestine of Co. kawa¬ 
mebari, 8 October 2003, 25 May 2004 (Urabe 
and Higa, 2006). (15) 5 (Urabe’s personal collec¬ 
tion) of N. elongatus, immature, adult, ex intes¬ 
tine of Pu. herzi, Chikugo River, 22 and 23 Janu¬ 
ary 2003, 21 October 2003 (Yoshida and Urabe, 
2005). 

Description. 1) Based on Ozaki's specimens 
(MPM Coll. No. 30024), after Shimazu et al. 
(2011), altered from the present study (Figs. 
6-7). Body fusiform, widest at ventral sucker, or 
elongate-ovate, small, 0.96-1.45 by 0.29-0.61; 
forebody 0.40-0.61 long, occupying 40-45% of 
body length. Oral sucker 0.10-0.13 by 0.12- 
0.16. Prepharynx very short. Pharynx 0.05-0.06 
by 0.06-0.08. Esophagus undulating, bifurcating 
midway between pharynx and ventral sucker. 
Intestines ending (1) in post-testicular region 
(ovary 2- or 3-lobed, eggs 92-113 by 39-63 pm 
(collapsed), vitelline follicles entering post-tes¬ 
ticular region and confluent there, Fig. 6) in 3 of 
75 specimens; (2) in testicular region (ovary 
globular or 2-lobed or 3-lobed, eggs 79-113 by 
36-63 pm (collapsed), vitelline follicles entering 
post-testicular region and separate there, Fig. 7) 
in 70; or (3) in testicular region (ovary 2-lobed or 
3-lobed, eggs 71-87 by 36-54/vm, vitelline folli¬ 
cles ending in testicular region and separate 
there, as in Figs. 8-9) in 2. Ventral sucker 0.16- 
0.22 by 0.19-0.21; sucker width ratio 1:1.3-1.6. 


Testes globular to elliptical, 0.09-0.19 by 0.09- 
0.16, slightly diagonal, contiguous or slightly 
separate, in posterior half of hindbody. Cirrus 
pouch 0.16-0.25 by 0.05-0.06, lateral or antero¬ 
lateral to ventral sucker, sometimes slightly over¬ 
lapping ventral sucker. Seminal vesicle occupy¬ 
ing posterior two-thirds of cirrus pouch. 
Ejaculatory duct short. Genital atrium small. 
Genital pore at about midlevel of esophagus. 
Ovary globular, 2-lobed, or 3-lobed, 0.09-0.12 
by 0.12-0.16, dextrally submedian, usually 
between intestines or slightly overlapping right 
intestine, anterolateral to anterior testis. Seminal 
receptacle clavate, 0.16-0.19 by 0.05-0.07, lying 
obliquely anterior to anterior testis. Laurer’s 
canal fairly long. Uterus coiled a few times 
between anterior testis and ventral sucker, over¬ 
lapping intestines; metraterm about half as long 
as cirrus pouch. Eggs few, light brown, 71-113 
by 36-63 pm (collapsed). Vitelline follicles dis¬ 
tributed from midlevel of esophagus to post-tes¬ 
ticular region or testicular region as described 
above, almost confluent anteriorly, confluent or 
separate posteriorly. Excretory vesicle extending 
usually to posterior testis but rarely to anterior 
testis; excretory pore posteroterminal. 

2) For the holotype and two paratypes (MPM 
Coll. Nos. 22219 and 22180) of Caudotestis ori¬ 
entals, see Yamaguti (1934) and Shimazu 
(1990b, fig. 12). Holotype (MPM Coll. Nos. 
22219, body 1.49 by 0.47, eggs 89-92 by 
52-58/nn. operculum domed) (Fig. 8). 

3) For the holotype (MPM Coll. No. 22220) of 
C. gnathopogonis, see Yamaguti (1934), 
Shimazu (1990b, fig. 13), and Shimazu et al. 
(2011, figs. 56-57). Holotype (body 1.42 by 
0.40, eggs 88-98 by 40-54//m, operculum 
domed or truncated) (Fig. 9). 

4) In most of the present other specimens from 
the Lake Biwa basin, both intestines and vitelline 
follicles terminating in testicular region, and 
eggs 67-86 by 37-51 pm. In flattened adult spec¬ 
imens (NSMT-P1 3629) from Sa. variegatus 
microoculus, intestines terminating in testicular 
region, vitelline follicles entering post-testicular 
region, eggs 88-94 by 43-64 J um, and operculum 
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domed or truncated (Shimazu et al., 2011). In 
flattened adult specimens (NSMT-P1 5465-5469) 
found in Sa. variegatus microoculus from Lake 
Suwa, both intestines and vitelline follicles ter¬ 
minating in testicular region, and eggs 78-89 by 
46-52 J «m. 

Remarks. Goto and Ozaki (1930) described 
Lebouria elongata as a new species based on 
adult specimens found in the intestine of “Sarco- 
cheilichthys variegatus (Temminck et Schlegel)'' 
(Japanese name: Higai) from Lake Biwa. They 
did not designate the holotype for this species. 
Shimazu et al. (2011) considered Ozaki's speci¬ 
mens (MPM Coll. No. 30024) syntypes of L. 
elongata. In Lake Biwa of today, two species, S. 
variegatus microoculus and Sarcocheilichthys 
biwaensis Hosoya, 1982, are distributed. It can¬ 
not be determined at present which of them is 
Goto and Ozaki's “Sarcocheilichthys variegatus 
(Temminck et Schlegel),” or the type host of L. 
elangata (Shimazu et al., 2011). Likewise, the 
current scientific names of “Sarcocheilichthys 
variegatus (Temm. et Schl.)” (host of C. orienta- 
lis, MPM Coll. 22219, Lake Ogura) and “S. var¬ 
iegatus’' (host of “ Caudotestis ,” MPM Coll. Nos. 
22631, Lake Biwa) are uncertain. On the other 
hand, “ Sarcocheilichthys variegatus" (host of C. 
orientalis, MPM Coll. No. 22181, Lake Suwa) 
(Shimazu, 1990b; this paper) should have been S. 
variegatus microoculus (Shimazu et al., 2011; 
Shimazu, 2015). 

Goto and Ozaki (1930, fig. 2) described both 
of the intestines and vitelline follicles as extend¬ 
ing to the posterior extremity of the body in L. 
elongata. In the above-described 75 syntypes, (1) 
both intestines and vitelline follicles entered the 
post-testicular region in 3 of them (Fig. 6); (2) 
the intestines ended in the testicular region, and 
the vitelline follicles entered the post-testicular 
region in 70 (Fig. 7); and both ended in the tes¬ 
ticular region in 2 (as in Figs. 8-9) (see also 
Shimazu, 1990b; Shimazu et al, 2011). Goto and 
Ozaki (1930) seem to have used only a few mor¬ 
phologically exceptional specimens with the 
intestines and vitelline follicles entering the post- 
testicular region for their description of L. elon¬ 


gata (Shimazu et al., 2011). 

Yamaguti (1934) described two new species, 
C. orientalis and C. gnathopogonis: C. orientalis 
found in the intestine of “ Sarcocheilichthys var¬ 
iegatus (Temm. et Schl.)” from Lake Ogura (not 
the Yodo River) and in the intestine of Ps. esoci- 
nus from the Yodo River; and C. gnathopogonis 
found in the intestine of Gn. elongatus from 
Lake Biwa (see Material examined above). 
Yamaguti (1934) distinguished C. orientalis from 
L. elongata by that both of the intestines and 
vitelline follicles extended to the midlevel of the 
posterior testis (Fig. 8); and C. gnathopogonis 
(Fig. 9) from C. orientalis (Fig. 8) by that the 
testes were contiguous instead of separate; and 
eggs were smaller, 0.0815 by 0.05 mm instead of 
0.0894-0.0921 by 0.0526-0.0578 mm, with a 
truncated (or collapsed) operculum instead of a 
domed operculum. As described above, however, 
these three species cannot be separated from one 
another by the posterior extent of the intestines 
and vitelline follicles, egg size, and nature 
(domed or truncated) of the operculum. There¬ 
fore, I agree with Skryabin and Koval (1958), 
Shimazu (1990b), and Shimazu et al. (2011) that 
C. gnathopogonis is a junior synonym of C. ori¬ 
entalis, and C. orientalis is a junior synonym of 
L. elongata, or now N. elongatus. 

Shimazu et al. (2011) tentatively classified N. 
elongatus into two types on the basis of the pos¬ 
terior extent of the vitelline follicles, regardless 
of that of the intestines, as follows: (1) elongatus 
type (Figs. 6-7), in which the vitelline follicles 
extend into the post-testicular region, and eggs 
are 88-112 by 43-67/rm; and (2) orientalis type 
(Figs. 8-9), in which the vitelline follicles end in 
the testicular region, and eggs are 67-98 by 
34-54/iin. It is uncertain at present whether this 
classification is of taxonomic significance. 

As mentioned above, N. elongatus has been 
recoreded from cyprinids (12 identified and 3 
unidentified species), gobiids (6 identified and 1 
unidentified), an odontobutid (1 identified), and a 
percichthyid (1 identified) in rivers and lakes in 
Chubu Region (Nagano Prefecture), Kinki 
Region (Shiga, Kyoto, and Osaka (?) Prefec- 
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tures), Chugoku Region (Hiroshima Prefecture), 
and Kyushu Region (Fukuoka and Oita Prefec¬ 
tures). It seems that the host specificity is consid¬ 
erably low, because the specimens found in all of 
these fishes but 11 specimens found in Rhinogo- 
bius jiumineus were sexually matured. 

Life cycle. According to unpublished data 
(Misako Urabe, personal communication, 20 
April 2016), the first intermediate host of N. 
elongatus in the Uji River is Semisulcospira 
( Biwamelania ) nakasekoae Kuroda, 1929 (Gas¬ 
tropoda, Pleuroceridae) (Japanese name: Naka- 
seko-kawanina). Cotylomicrocercous cercariae 
easily invaded Tubifex tubifex (Muller, 1774) 
(Annelida, Oligochaeta) (Japanese name: Ito- 
mimizu) to encyst in them in experimental infec¬ 
tion. 



Neoplagioporus kajika Urabe and Higa, 2006 
(Fig. 10) 

Neoplagioporus kajika Urabe and Higa, 2006: 208-210, 

figs. 1A-E. 

Hosts in Japan. Cottus pollux Gunther, 1873 
(Cottidae) (type host), Nipponocypris temminckii 
(Cyprinidae), and Pseudogobio esocinus esoci- 
nus (Cyprinidae) (Urabe and Higa, 2006; this 
paper). 

Site of infection. Intestine. 

Geographical distribution. Fukuoka Prefec¬ 
ture: Naka River at Terase Bridge (type locality), 
Narutake, Nakagawa Town; and Sakuta channel 
at Yamada, Nakagawa Town (Urabe and Higa, 
2006). 

Material examined. (1) 12 specimens 



Fig. 10. Neoplagioporus kajika , holotype (NSMT-P1 5445), adult specimen found in intestine of Cottus pollux , 
entire body, ventral view. Scale bar: 0.5 mm. 

Fig. 11. Neoplagioporus sp., adult specimen (LBM 3-28) found in rectum of Odontohutis obscura, entire body, 
ventral view. Scale bar: 0.5 mm. 
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(NSMT-P1 5445, holotype; 5446-5455, 11 para- 
types) of Neoplagioporus kajika, adult, ex intes¬ 
tine of Cottus pollux, Naka River, 5 March 2005 
(Urabe and Higa, 2006). (2) 2 (NSMT-P1 5456, 
5457) of N. kajika, immature, adult, ex intestine 
of Nipponocypris temminckii (syn. Zacco tem- 
minckii ) and Pseudogobio esocinus esocinus 
(syn. Ps. esocinus), Sakuta channel, 23 April 
2004, 28 March 2004 (Urabe and Higa, 2006). 
(3) 3 (Urabe’s personal collection) of N. kajika, 
adult, ex intestine of Cottus pollux, Naka River, 
25 November 2003, 5 March 2005 (Urabe and 
Higa, 2006). 

Description. After Urabe and Higa (2006), 
altered from the present study (Fig. 10). Body 
broad-ovate, small, 1.42-2.08 by 0.59-0.86 
(holotype 1.84 by 0.78); forebody 0.63-0.87 
long, occupying 41-50% of body length. Oral 
sucker 0.19-0.23 by 0.19-0.27. Prepharynx very 
short. Pharynx 0.08-0.11 by 0.09-0.13. Esopha¬ 
gus bifurcating about halfway between pharynx 
and ventral sucker. Intestines extending to mid¬ 
level of testicular region. Ventral sucker 0.28- 
0.38 by 0.27-0.36; sucker width ratio 1:1.2-1.7. 
Testes globular to elliptical, 0.17-0.39 by 0.20- 
0.42, almost tandem, contiguous, close to poste¬ 
rior extremity of body. Cirrus pouch anterior to 
or slightly overlapping ventral sucker, 0.32-0.55 
by 0.06-0.12. Seminal vesicle occupying about 
posterior three-fourths of cirrus pouch. Pars pros- 
tatica small; prostatic cells well developed. Ejac¬ 
ulatory duct short. Genital atrium small. Genital 
pore slightly posterior to pharyngeal level. Ovary 
3-lobed, 0.16-0.28 by 0.22-0.33, median, imme¬ 
diately pretesticular, or dextrally submedian, 
anterolateral to anterior testis. Seminal receptacle 
clavate, 0.16-0.25 by 0.06-0.08. Laurer’s canal 
running anteriorly. Uterus coiled a few times 
between ovary, ventral sucker, and intestines; 
metraterm short. Eggs few, light brown, 61-83 
by 34-49 pm. Vitelline follicles distributed 
between pharynx and posterior extremity on left 
side of body, testicular region on right side, but 
rarely to posterior border of posterior testis on 
both sides, confluent anteriorly and posteriorly, 
present in lateral and posterior peripheral fields 


of body. Excretory vesicle reaching to about pos¬ 
terior part (middle in Fig. 10) of anterior testis; 
excretory pore postero-dorsal or -terminal. 

Remarks. This species resembles N. zacconis 
(see above) in that the body is broad-ovate, the 
intestines end in the testicular region, the testes 
are close to the posterior extremity of the body, 
and the ovary is 3-lobed. Urabe and Higa (2006) 
distinguished the species from the latter by the 
vitelline follicles being present in the lateral and 
posterior peripheral fields of the body instead of 
absent. However, some of the specimens 
(NSMT-P1 5270) of N. zacconis from the Takami 
River also had the vitelline follicles in the lateral 
and posterior peripheral fields (this paper, Fig. 
4). The difference between these two species is 
open to further comparative studies. 

Life cycle. Not known. 

Neoplagioporus sp. of 
Shimazu, Urabe, and Grygier (2011) 

(Fig. 11) 

Neoplagioporus sp.: Shimazu, Urabe, and Grygier, 2011: 

50-52, figs. 65-67. 

Host in Japan. Odontobutis obscura (Odon- 
tobutidae) (Shimazu et al, 2011). 

Site of infection. Rectum. 

Geographical distribution. Shiga Prefecture: 
Lake Biwa basin (Mano-ono, Otsu City) 
(Shimazu et al., 2011). 

Material examined. 1 specimen (LBM 3-28) 
of Neoplagioporus sp., adult, ex rectum of Odon¬ 
tobutis obscura, Mano-ono, 3 May 2000 
(Shimazu et al., 2011). 

Description. After Shimazu et al. (2011), 
altered from the present study (Fig. 11). Body 
broad-ovate, 1.84 by 0.88; forebody 0.80 long, 
occupying 43% of body length. Oral sucker 0.20 
by 0.22. Prepharynx very short. Pharynx 0.16 by 
0.12. Esophagus bifurcating between pharynx 
and ventral sucker. Intestines extending to poste¬ 
rior border of posterior testis. Ventral sucker 0.39 
by 0.37; sucker width ratio 1:1.7. Testes ellipti¬ 
cal, small, 0.16-0.17 by 0.20-0.27, diagonal, 
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contiguous, in third fourth of hindbody. Cirrus 
pouch 0.41 by 0.06. Seminal vesicle occupying 
posterior four-fifths of cirrus pouch. Genital pore 
at midlevel of esophagus. Ovary large, 3-lobed, 
0.17 by 0.38, almost median. Seminal receptacle 
clavate, 0.44 by 0.06. Laurer s canal fairly long. 
Uterus coiled a few times between ovary, ventral 
sucker, and intestines; metraterm about half as 
long as cirrus pouch. Eggs few, brown, 58-69 by 
38-45//m (collapsed). Vitelline follicles distrib¬ 
uted from pharynx to posterior extremity of 
body, filling up lateral and posterior peripheral 
fields of body, anteriorly slightly separate, poste¬ 
riorly confluent. Excretory vesicle extending to 


middle of anterior testis; excretory pore pos- 
terodorsal. 

Remarks. This unidentified specimen differs 
from N. zacconis (see above) in having the vitel¬ 
line follicles filling up even the lateral and poste¬ 
rior peripheral spaces (Shimazu et al, 2011) and 
from N. kajika (see above) in having smaller tes¬ 
tes in the third fourth of the hindbody instead of 
being close to the posterior extremity of the 
body. Since N. zacconis has not been found in 
Od. obscura from the Lake Biwa basin (see 
above), it is possible that this specimen repre¬ 
sents an unidentified species of Neoplagioporus. 

Life cycle. Not known. 


A key to species of Neoplagioporus in this paper 


1.1. Body elongate-ovate, more than 2.5 times longer than wide.2 

1.2. Body broad-ovate, less than 2.5 times longer than wide.3 

2.1. Intestines and vitelline follicles extending into post-testicular region; ovary 3-lobed; eggs 67-78 

by 39-48 pm . N. ayu 

2.2. Intestines and vitelline follicles terminating usually in testicular region; ovary globular, 2-lobed, 

or 3-lobed; eggs 71-113 by 36-63 pm . N. elongatus 

3.1. Testes large, close to posterior extremity ofbody.4 

3.2. Testes small, in third fourth of hindbody; vitelline follicles present in lateral and posterior periph¬ 
eral fields ofbody. Neoplagioporus sp. 

4.1. Vitelline follicles present in lateral and posterior peripheral fields ofbody. N. kajika 

4.2. Vitelline follicles absent in lateral and posterior peripheral fields ofbody. N. zacconis 


Genus Ur orchis Ozaki, 1927 
Urorchis goro Ozaki, 1927 
(Figs. 12-16) 

Urorchis goro Ozaki, 1927: 160-163, figs. 5-7; Shimazu, 
1990a: 205-207, figs. 1-8; Shimazu, 2005: 141, fig. 5; 
Shimazu et al., 2011: 55, figs. 74-77. 

Hosts in Japan. Tridentiger brevispinis 
(Gobiidae) (type host) (Shimazu, 1990a, 2005; 
Shimazu et al, 2011; this paper), Barbatula toni 
(Dybowski, 1869) (Nemacheilidae) (this paper), 
Cottus pollux (Cottidae) (Shimazu, 2007), Cottus 
reinii (Shimazu et al., 2011), Gnathopogon elon¬ 
gatus elongatus (Cyprinidae) (Shimazu, 1990a; 
this paper), Gymnogobius urotaenia (Gobiidae) 
(Shimazu et al, 2011), Lefua echigonia Jordan 


and Richardson, 1907 (Nemacheilidae) 
(Shimazu, 1990a), Rhinogobius jlumineus (Gobi¬ 
idae) (Shimazu and Urabe, 2005; Shimazu et al., 
2011; this paper), Rhinogobius kurodai (Tanaka, 
1908) (this paper), Rhinogobius sp. OR 
(Shimazu, 1990a, 2007; Shimazu et al., 2011; 
this paper), and “Tridentiger obscurus (Tem- 
minck & Schlegel)" (Ozaki, 1927; Shimazu, 
1990a; this paper). 

Sites of infection. Intestine, and also stomach 
and rectum (accidental (?)). 

Geographical distribution. (1) Aomori Pre¬ 
fecture: Lake Ogawara at Asahikita, Tohoku 
Town (Shimazu, 2005; this paper). (2) Miyagi 
Prefecture: a swamp near Sendai City (Ozaki, 
1927). (3) Yamagata Prefecture: Tanjo River at 
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Shimokosuge, Yonezawa City (this paper). (4) 
Ibaraki Prefecture: Lake Kasumigaura (Ozaki, 
1927); Kamihinuma River at Ibaraki Town (this 
paper); Tsuchiura City (Shimazu, 1990a); Gantsu 
River at Yabata (type locality), Namegata City 
(this paper); and irrigation canals at Oou, ltako 
City (this paper). (5) Nagano Prefecture: Hiroi 
River at Kotobuki, liyama City (Shimazu, 2007); 
a small river at Midori, liyama City (Shimazu, 
1990a; this paper); small rivers at Okada-machi 
and Oomura, and Metoba River at Asahi 
3-chome, Matsumoto City (Shimazu, 1990a, 
2007; this paper); Lake Suwa (Shimazu, 1990a), 
and Lake Suwa at Suwa City (Shimazu, 2007) 
and Okaya City (this paper). (5) Shiga Prefec¬ 
ture: Lake Biwa basin (Daido River-2 at Kinose, 
Shigaraki-cho, Koka City; Harie River at Harie, 
Shin'asahi-cho, Takashima City; Imazu-cho, 
Takashima City; Kame-ga-ike Pond at Shodenji 
Temple, Asahi, Shin'asahi-cho; Yasu River at 
Maeno, Tsuchiyama-cho, Koka City) (Shimazu 
et al, 2011). (6) Nara Prefecture: Takami River 
at Kotsugawa, Higashiyoshino Village (Shimazu 
and Urabe, 2005). 

In China ( e.g., Wang et al, 1985). 

Material examined. (1)3 specimens (Ozaki's 
Collection, MPM Coll. No. 30022, labeled 
“GORO,” other data not given) of Urorchis goro, 
adult, ex “Tridentiger obscurus (Temminck & 
Schlegel)” (Shimazu, 1990a; this paper). (2) 5 
(NSMT-P1 5241) of U. goro, adult, ex rectum of 
Tr. brevispinis, Lake Ogawara at Kamikita Town, 
now Asahikita, Tohoku Town, 5 September 1997 
(Shimazu, 2005). (3) 4 (MPM Coll. No. 21202), 
adult, ex intestine of Barbatula toni, Tanjo River, 
8 October 2011. (4) 1 (Yamaguti's Collection, 
MPM Coll. No. 22628) of U. goro, adult, ex 
intestine of Tr. brevispinis (not Tr. obscurus), 
Tsuchiura City, 16 April 1929 (Yamaguti, 1934; 
Shimazu, 1990a). (5) 4 (NSMT-P1 5847), adult, 
ex intestine of Tr. brevispinis, Gantsu River, 3 
June 2011. (6) 2 (MPM Coll. No. 21203), adult, 
ex intestine of Tr. brevispinis, Kamihinuma 
River, 27 September 2012. (7) 4 (NSMT-P1 
5492), adult, ex intestine of Rhinogobius kuro- 
dai, irrigation canals at Oou, 8 August 1994. (8) 


1 (NSMT-P1 5848), adult, ex intestine of R. kuro- 
dai, Gantsu River, 3 June 2011. (9) 1 (Yamaguti's 
Collection, MPM Coll. No. 22015) of U. goro, 
adult, ex intestine of Gnathopogon elongatus 
elongatus (syn. Gn. elongatus), Lake Suwa 
(exact collecting locality not indicated), 19 May 
1935 (Shimazu, 1990a). (10) 4 (NSMT-P1 5301) 
of U. goro, adidt, ex intestine of Rhinogobius sp. 
OR [Rhinogobius sp. of Shimazu (2007), proba¬ 
bly R. kurodai ], Lake Suwa at Suwa City, 30 
October 1993 (Shimazu, 2007). (11) 1 (NSMT-P1 
5491) of U. goro, adult, ex intestine of Cottus 
pollux. Lake Suwa at Okaya City [not Suwa 
City], 5 October 1996 (Shimazu, 2007). (12) 67 
and several serially sectioned specimens (NSMT- 
P1 3605-3611) of U. goro, immature, adult, ex 
intestine of Lefua echigonia, Midori, 14 Novem¬ 
ber 1982, 15 May 1983, 5 May 1986, 14 Septem¬ 
ber 1986, 3 May 1988, 9 July 1989 (Shimazu, 
1990a). (13) 2 (NSMT-P1 5490) of U. goro, 
adult, ex intestine of Rhinogobius sp. OR [Rhino¬ 
gobius sp. of Shimazu (2007), probably R. kuro¬ 
dai ], Hiroi River, 13 August 1999 (Shimazu, 
2007). (14) 27 (NSMT-P1 3612, 5489) of V 
goro, immature, adult, ex intestine of Rhinogo¬ 
bius sp. OR [ R. brunneus of Shimazu (1990a), 
Rhinogobius sp. of Shimazu (2007), probably R. 
kurodai ], Okada-machi [not Matsuoka] and 
Oomura, 3 November 1982, 23 August 1995 
(Shimazu, 1990a, 2007). (15) 1 (MPM Coll. No. 
21204), adult, ex intestine of Rhinogobius sp. OR 
(probably R. kurodai), Metoba River, 25 August 
2015. (16) Specimens of U. goro, Lake Biwa 
basin: 4 (LBM 1-4, 3-53), adult, ex intestine and 
rectum of Rhinogobius sp. OR, Yasu and Harie 
rivers, 18 October 1997, 19 October 2000; 3 
(LBM 1-66, 3-56), immature, adult, ex intestine 
and ‘'gut” (intestine (?)) of Gymnogobius urotae- 
nia, Kame-ga-ike Pond, Harie River, 17 May 
1998, 19 October 2000; 2 (LBM 3-17 and -19), 
immature, adult, ex intestine of R. flumineus, 
Daido River-2, 1 May 2000; 3 (LBM 3-37, 
1340000024, 1340000025), adult, ex intestine (?) 
of Tr. brevispinis, Imazu-cho, 1 August 2002; and 
7 (LBM 3-39), adult, ex intestine of Cottus reinii, 
Imazu-cho, 5 May 2000 (Shimazu et al, 2011). 
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Figs. 12-14. Urorchis goro , adult specimens. 12, neotype (NSMT-P1 5847) found in intestine of Tridentiger 
brevispinis, entire body, ventral view; 13, specimen (NSMT-P1 3606) found in intestine of Lefua echigonia, 
terminal genitalia, ventral view; 14, specimen (NSMT-P1 3606), ovarian complex, dorsal view. Scale bars: 
0.5 mm in Fig. 12; 0.2 mm in Figs. 13-14. 


(19) 1 (NSMT-P1 5272) of Urorchis sp., adult, ex 
intestine of R. ftumineus, Takami River, 15 
August 2000 (Shimazu and Urabe, 2005). (The 
measurements given are erroneous. Correct mea¬ 
surements will be obtained by multiplying them 
by 0.8.) 

Description. 1) Based on specimens (NSMT- 
P1 4847) found in Tr. brevispinis from Gantsu 
River (Fig. 12). Body fairly broad, tapering ante¬ 
riorly, small, 1.98-2.66 by 0.82-0.98; forebody 
0.66-0.82 long, occupying 31-34% of body 
length. Oral sucker 0.16-0.18 by 0.19-0.20. Pre¬ 
pharynx very short. Pharynx 0.07-0.10 by 0.07- 
0.10. Esophagus bifurcating anterior to ventral 
sucker. Intestines ending usually in testicular 
region. Ventral sucker 0.29-0.34 by 0.34-0.37; 
sucker width ratio 1:1.7—1.8. Testes entire or 
slightly indented, large, 0.28-0.41 by 0.19-0.38, 
almost tandem, usually contiguous but rarely 
slightly separated by uterus, in middle third of 


hindbody. Cirrus pouch entire, fairly thick- 
walled, 0.25-0.35 by 0.09-0.11, anterior to ven¬ 
tral sucker. Seminal vesicle occupying about pos¬ 
terior four-fifths of cirrus pouch; anterior portion 
clavate, fairly thick-walled; posterior portion 
elliptical, thin-walled. Pars prostatica small; 
prostatic cells well developed. Ejaculatory duct 
short, fifth as long as cirrus pouch, sometimes 
everted slightly. Genital atrium small. Genital 
pore at about midlevel of esophagus or slightly 
anterior to it. Ovary globular or 2-lobed, 0.13- 
0.18 by 0.10-0.16, sinistrally submedian or 
almost median, immediately pretesticular. Semi¬ 
nal receptacle clavate, 0.30-0.32 by 0.07-0.19, 
almost median, opposite or anterior to ovary (see 
Remarks of Neoplagioporus zacconis above). 
Laurer's canal fairly long, extending anteriorly. 
Uterus occupying all available space of hind- 
body; metraterm about half as long as cirrus 
pouch. Eggs numerous, light brown, 64-76 by 
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35-41 pm (collapsed), fully embryonated. Vitel¬ 
line follicles rather sparse, surrounding whole 
intestines or almost so, distributed between mid¬ 
level of esophagus and slightly posterior to intes¬ 
tinal ends, separate anteriorly and posteriorly. 
Excretory vesicle reaching to testicular region; 
excretory pore posterodorsal. 

2) Based on specimens (NSMT-P1 3605-3611) 
found in Lefua echigonia, after Shimazu (1990a), 
altered from the present study (Figs. 13-14). 
Body ovate, 0.95-2.37 by 0.33-0.67; forebody 
0.43-0.63 long, occupying 30^15% of body 
length. Oral sucker 0.11-0.20 by 0.12-0.21. 
Pharynx 0.06-0.08 in diameter. Intestines short, 
ending at various levels between ventral sucker 
and posterior testis. Ventral sucker 0.19-0.33 by 
0.20-0.38; sucker width ratio 1; 1.6-1.8. Testes 
0.12-0.40 by 0.12-0.28, usually contiguous but 
rarely slightly separated by uterus, in middle 
third of hindbody in fully matured adult speci¬ 
mens, more posterior or near posterior extremity 
of body in immature and barely matured adult 
specimens (see Shimazu, 1990a, figs. 4 and 8). 
Cirrus pouch 0.16-0.35 by 0.06-0.09, extending 
posteriorly to midlevel of ventral sucker. Ovary 
globular, 2-lobed, or 3-lobed, 0.09-0.13 by 0.10- 
0.13, sinistrally [not dextrally] submedian, 
immediately pretesticular. Seminal receptacle 
0.08-0.16 by 0.07-0.08. Laurer’s canal straight 
or coiled [figured incorrectly by Shimazu (1990a, 
fig. 7)]. Uterus occupying all available space of 
hindbody in fully matured adult specimens. Eggs 
70-84 by 30-42/jm (collapsed in balsam) (75- 
92 by 40-45 pn l in life), fully embryonated. 
Excretory vesicle rarely reaching to middle of 
anterior testis. 

Remarks. Ozaki (1927) erected a new genus 
and species, Urorchis goro, on the basis of adult 
specimens found in the intestine of “Tridentiger 
obscurus Temminck & Schlegel)’ (Japanese 
name: Chichibu; but Goro of Ozaki) from Lake 
Kasumigaura in Ibaraki Prefecture and a swamp 
near Sendai City, Miyagi Prefecture, in August, 
1925. The holotype (No. P. 260) of this species 
was lost (Shimazu, 2013). Ozaki did not indicate 
which locality the holotype was from (Shimazu 


et al., 2011). The host fish from the Lake 
Kasumigaura basin should have been Tr. 
brevispinis (Japanese name: Numa-chichibu), not 
Tr. obscurus (Shimazu, 1995). Shimazu (1990a) 
treated one adult specimen (MPM Coll. No. 
22628) of U. goro of Yamaguti as unpublished, 
but Yamaguti (1934) had referred to this speci¬ 
men in the Discussion on Urorchis acheilognathi 
Yamaguti, 1934. 

Ozaki Collection includes three adult speci¬ 
mens (MPM Coll. No. 30022), one of which 
Shimazu (1990a) dealt with. The letters written 
in ink on the labels of the two slides have been 
considerably faded away, but the first word 
barely read “GORO." Accordingly, the host is 
“Tridentiger obscurus (Temminck & Schlegel)” 
of Ozaki. These three specimens are likely to be 
part of the type series, or paratypes (see also 
Shimazu, 1990a). However, the collecting local¬ 
ity and current scientific name of the host remain 
undetermined. 

As mentioned above, U. goro has been 
recorded from gobiids (six species), nemachei- 
lids (two), cottids (two), and a cyprinid in a 
swamp, irrigation canals, rivers, and lakes in 
Tohoku Region (Aomori, Miyagi, and Yamagata 
Prefectures), Kanto Region (Ibaraki Prefecture), 
Chubu Region (Nagano Prefecture), and Kinki 
Region (Shiga and Nara Prefectures). Barbatula 
toni, one of the present final hosts, has recently 
been artificially introduced into the Tanjo River 
in Yamagata Prefecture (its origin unknown). 

The present study clearly indicates that U. 
goro occurs in Tr. brevispinis in the Lake 
Kasumigaura basin. The type host and type local¬ 
ity of U. goro have previously been ambiguous 
(Shimazu et al., 2011). In order to show them 
distinctly, a neotype is designated for U. goro, as 
follows. 

Designation of a neotype of Urorchis goro 
Ozaki, 1927. Neotype: a whole-mounted adult 
specimen (NSMT-P1 5847), slightly flattened, 
2.30 by 0.89 mm, Fig. 12, 3 June 2011. 

Type host. Tridentiger brevispinis Katsu- 
yama, Arai, and Nakamura (Gobiidae). 

Site of infection. Intestine. 
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Type locality. Gantsu River at Yabata 
(36°0'N, 140°31'E), Namegata City, Ibaraki Pre¬ 
fecture, Japan. 

Life cycle. Cercariae of the cotylomicrocer- 
cous type were found produced in daughter spo- 
rocysts in the pleurocerid snail Semisulcospira 
libertina (Gould, 1859) (Japanese name: Kawa- 
nina) in the small river at Midori, liyama City, on 
6 May 1989; the small river at Oomura, Matsu- 
moto City, on 9 October 2013 (MPM Coll. No. 


21206) and 16 November 2016 (MPM Coll. No. 
21300); and the Metoba River at Asahi 3-chome, 
Matsumoto City, on 25 August 2015 (MPM Coll. 
No. 21205) and 16 November 2016 (MPM Coll. 
No. 21299). Adults were also collected in these 
three places (see Material examined above). 
Daughter sporocysts were found in the midgut 
gland (and possibly the testis) and rectum of Se. 
libertina. No mother sporocysts were obtained. 
Morphology of the daughter sporocysts (Fig. 



Figs. 15-16. Urorchis goro (continued), life cycle. 15, daughter sporocyst (MPM Coll. No. 21205) found in 
Semisulcospira libertina , relatively small specimen, entire body; 16, cercaria (MPM Coll. No. 21205), slightly 
flattened, entire body, ventral view. Scale bars: 0.3 mm in Fig. 15; 0.1 mm in Fig. 16. 

Figs. 17-18. Urorchis acheilognathi, adult specimens found in intestine of Tanakia lanceolata. 17, specimen 
(NSMT-P1 3622), entire body, ventral view; 18, specimen (NSMT-P1 3622), terminal genitalia, ventral view. 
Scale bars: 0.5 mm in Fig. 17; 0.2mm in Fig. 18. 
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15) and cercariae (Fig. 16) in them were briefly 
as follows. Flot 10% formalin-fixed specimens 
measured (in //m). Daughter sporocysts cylindri¬ 
cal, 1666-2570 by 206-285, including numerous 
developing cercariae in body cavity. Cercarial 
body proper 329-364 by 65-91; forebody 206- 
230 long, occupying 60-65% of body length; tail 
44-49 by 38—13. Stylet oblong, 1-pointed, 11 by 
5. Penetration gland cells 5 pairs (inner 3 and 
outer 2). Oral sucker 48-51 by 41—48. Prephar¬ 
ynx fairly long. Pharynx 16-17 by 17-20. 
Esophagus long, undulating, bifurcating anterior 
to ventral sucker. Intestines ending blindly at 
near midlevel of hindbody. Ventral sucker 46-55 
by 43-51; sucker width ratio 1:1.1—1.2. Genital 
primordium seen anterior and posterior to ventral 
sucker. Excretory vesicle epithelial, oblong, 
large, 63-97 by 36-70. Flame cell formula 
[(2 + 2) + (2 + 2)] = 16 (see also Shimazu, 1990a, 
fig. 8). No encysted metacercariae seen in daugh¬ 
ter sporocysts. 

The cercariae were molecularly identified as 
U. goro. Misako Urabe sequenced the large sub¬ 
unit region (28S) and second internal transcribed 
spacer region (ITS-2) of the ribosomal RNA 
gene (rDNA) of the daughter sporocysts (plus 
cercariae) (ex Se. libertina, Metoba River, 24 
September 2015) and the adults (ex intestine of 
Rhinogobius sp. OR, the same locality, 25 
August 2015). The partial sequences determined 
(28S, 1274bp; ITS-2, 408bp) were identical 
between them, which proved the present cercaria 
to be the larva of U. goro. Their GenBank acces¬ 
sion numbers deposited by her are: the 28S 
rDNA sequences of the daughter sporocyst and 
adult LC149879 and LC149880, respectively; 
and the ITS-2 rDNA sequences of the daughter 
sporocyst and adult LC149881 and LC149882, 
respectively. 

The present daughter sporocyst and cercaria 
are somewhat similar to those of Cercaria 
incerta Faust, 1924 as described by Ito (1953) 
from the rectum of Se. libertina in Tokyo and 
Kanagawa, Shizuoka, Yamanashi, and Kochi 
Prefectures. This cercaria was originally 
described briefly by Kobayashi (1922) as [Micro- 


cercous cercaria E] from Se. libertina of 
Okayama. However, the present cercaria is dif¬ 
ferent from Ce. incerta in that it has five pairs of 
penetration gland cells (three inner and two 
outer) instead of three (two inner and one outer); 
and the intestines are shorter, ending at near the 
midlvevel of the hindbody instead of the poste¬ 
rior extremity of the body. Ito’s specimens of Ce. 
incerta need reexamination. Although the late 
Prof. Jiro Ito studied cercariae of many species 
from Japan (Ito, 1964, 1988), none of his speci¬ 
mens have been deposited anywhere (Hideto 
Kino, personal communication, 21 October 
2015). It is desired that the present cercaria and 
Ce. incerta be further comparatively studied, 
because U. goro was named after Ce. incerta, 
which may thus be the senior synonym. 

The absence of any encysted metacercariae in 
the present daughter sporocysts suggests that the 
life cycle involves a second intermediate host, 
perhaps a benthic animal, which remains 
unknown. 

Urorchis acheilognathi Yamaguti, 1934 

(Figs. 17-18) 

Urorchis acheilognathi Yamaguti, 1934: 415—417, figs. 

81-82; Yamaguti, 1942: 359; Shimazu, 1990a: 208- 

209, figs. 9-15; Shimazu et al., 2011: 52, 54, figs. 

68-73. 

Hosts in Japan. Tanakia lanceolata (Tem- 
minck and Schlegel, 1846) (Cyprinidae) (type 
host) (Yamaguti, 1934; Shimazu, 1990a; 
Shimazu et al., 2011; this paper), Tanakia lim- 
bata (Temminck and Schlegel, 1846) (this 
paper), Acheilognathus cyanostigma Jordan and 
Fowler, 1903 (Cyprinidae) (Yamaguti, 1934; 
Shimazu, 1990a), Acheilognathus rhombeus 
(Temminck and Schlegel, 1846) (Shimazu et al., 
2011; this paper), Acheilognathus tabira tabira 
Jordan and Thompson, 1914 (this paper), Gna- 
thopogon caerulescens (Sauvage, 1883) (Cyprin¬ 
idae) (Shimazu, 1990a; Shimazu et al, 2011), 
Phoxinus steindachneri Sauvage, 1883 (Cyprini¬ 
dae) (Shimazu, 1990a; this paper), Pseudoras- 
bora parva (Cyprinidae) (Yamaguti, 1942; 
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Shimazu, 1990a, 1992, 2007), Sarcocheilichthys 
variegatus microoculus (Cyprinidae) (Shimazu, 
1990a, 2007), and Oncorhynchus masou subsp. 
(Salmonidae) (Japanese name: Kizaki-masu) 
(Shimazu, 1990a, 2007; this paper). 

Site of infection. Intestine. 

Geographical distribution. (1) Nagano Pre¬ 
fecture: Lake Kizaki in Oomachi City (Shimazu, 
1990a, 2007) and Lake Suwa at Suwa City 
(Shimazu, 2007). (2) Shiga Prefecture: Lake 
Biwa; and Lake Biwa basin (Kame-ga-ike Pond 
at Shodenji Temple, Asahi, Shin'asahi-cho, 
Takashima City; irrigation canal at Miyake-cho, 
Moriyama City; Momose, Chinai, Makino-cho, 
Takashima City; and irrigation canal at Nishi- 
yama, Kinomoto-cho, Nagahama City) 
(Shimazu, 1990a; Shimazu et al., 2011; this 
paper). (3) Kyoto Prefecture: Lake Ogura (type 
locality) (Yamaguti, 1934; Shimazu, 1990a), near 
Kyoto (Yamaguti, 1942), and Kowata Pond in 
Uji City (Shimazu, 1990a, 1992; this paper). 

In China ( e.g., Wang et al., 1985). 

Material examined. (1) 24 specimens 

(Yamaguti's Collection, MPM Coll. No. 22629, 
holotype, 21 adult (paratypes (?)), and 2 imma¬ 
ture) of Urorchis acheilognathi, ex intestine of 
Tanakia lanceolata (syn. Acheilognathus inter¬ 
media (Temminck and Schlegel, 1846), A. lan- 
ceolatus), Lake Ogura, 3 and 31 (not 23) May 
1932; and 2 (MPM Coll. No. 22630, paratypes 
(?)), adult, ex intestine of A. cyanostigma, 
Kowata Pond [not Lake Kohata] (not from Lake 
Ogura), 14 May 1928 (Yamaguti, 1934; 
Shimazu, 1990a). (2) 1 (Yamaguti’s Collection, 
MPM Coll. No. 22742) of U. acheilognathi, 
adult, ex intestine of Pseudorasbora parva, 
Kowata Pond, 14 May 1928 (Shimazu, 1992). (3) 
1 (Yamaguti's Collection, MPM Coll. No. 22627) 
of U. acheilognathi, adult, ex intestine of “exper¬ 
imental” Pseudorasbora parva, near Kyoto 
(exact collecting locality not indicated), 22 June 
1937 (Yamaguti, 1942; Shimazu, 1990b). (4) 1 
(Yamaguti's Collection, MPM Coll. No. 22014, 
labeled “Urorchis goro ”) of U. acheilognathi, 
adult, ex intestine of Gnathopogon caerulescens. 
Lake Biwa (exact collecting locality not given), 


26 May 1936 (Shimazu, 1990a; Shimazu et al., 
2011). (5) Specimens of U. acheilognathi, Lake 
Biwa basin: 2 (LBM 3-49, -50), adult, ex intes¬ 
tine of T. lanceolata, irrigation canal at Miyake- 
cho, 27 October 2000; 13 (LBM 7-31, 8-26, -52, 
-53), immature, adult, ex intestine of T. lanceo¬ 
lata, irrigation canal at Nishiyama, 26 April 
2001, 27 November 2007; 2 (LBM 1-38), adult, 
ex intestine of A. rhombeus, Kame-ga-ike Pond, 
17 May 1998; and 2 (LBM 3-49, -50), adult, ex 
intestine of T. lanceolata, irrigation canal at 
Miyake-cho, 27 October 2000 (Shimazu et al., 
2011). (6) Other specimens of U. acheilognathi, 
Lake Biwa basin: 7 (MPM Coll. No. 21199), 
immature, adult, ex intestine of T. lanceolata, 
irrigation canal at Nishiyama, 27 May 2009; 1 
(MPM Coll. No. 21198), adult, ex intestine of T. 
limbata, irrigation canal at Nishiyama, 27 May 
2009; 2 (MPM Coll. No. 21201), adult, ex intes¬ 
tine of A. rhombeus, Momose, 14 May 2009; and 
3 (MPM Coll. No. 21200), adult, ex intestine of 
A. tabira tabira, Momose, 14 May 2009. (7) 
Specimens of U. acheilognathi, Lake Kizaki: 62 
(NSMT-P1 3618-3622), immature, adult, ex 
intestine of T. lanceolata, 1 and 21 October 1980, 
5 November 1980, 16 May 1981, 30 June 1981; 
13 (NSMT-P1 3614-3615) of U. acheilognathi, 
immature, adult, ex intestine of Pseudorasbora 
parva, 28 August 1981, 5 July 1983; 8 (NSMT-P1 
3617), adult, ex intestine of Phoxinus steindach- 
neri (syn. Moroco steindachneri), 21 September 
1979; 1 (NSMT-P1 3613), adult, ex intestine of 
Sarcocheilichthys variegatus microoculus, 18 
July 1981; and 3 (NSMT-P1 3616), adult, ex 
intestine of Oncorhynchus masou subsp., 27 Sep¬ 
tember 1977 (Shimazu, 1990a). (8) 1 (NSMT-P1 
5470) of U. acheilognathi, adult, ex intestine of 
Pseudorasbora parva. Lake Suwa, 13 September 
1991 (Shimazu, 2007). 

Description. 1) For the type series, see 
Yamaguti (1934) and Shimazu (1990a). Holotype 
1.45 by 0.42 (measured by Takashi Iwaki at the 
MPM, Tokyo). 

2) Based on specimens (NSMT-P1 3613-3622) 
from Lake Kizaki, after Shimazu (1990a), altered 
from the present study (Figs. 17-18). Body elon- 
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gate-ovate, fairly broad, small, 0.95-3.16 by 
0.51-1.30; forebody 0.47-1.00 long, occupying 
31-60% of body length. Oral sucker 0.13-0.25 
by 0.15-0.26. Prepharynx very short. Pharynx 
0.06-0.12 by 0.07-0.12. Esophagus bifurcating 
about midway between two suckers. Intestines 
terminating in testicular region. Ventral sucker 
0.21-0.35 by 0.20-0.40, located at about junc¬ 
tion between anterior and middle thirds of body 
in fully matured adult specimens; sucker width 
ratio 1:1.3—1.6. Testes globular or elliptical, 
sometimes slightly indented irregularly, small, 
0.16-0.31 by 0.12-0.34, tandem or slightly 
oblique, contiguous or separated by uterus, in 
posterior half of hindbody in fully matured adult 
specimens (Fig. 30), close to posterior extremity 
of body in barely matured adult specimens (see 
Shimazu, 1990a, figs. 11-12). Cirrus pouch 
0.24-0.51 by 0.04-0.12, anterior to ventral 
sucker or slightly overlapping it. Seminal vesicle 
occupying about posterior half of cirrus pouch. 
Pars prostatica small; prostatic cells well devel¬ 
oped. Ejaculatory duct fairly long, fourth as long 
as cirrus pouch, sometimes slightly everted. Gen¬ 
ital atrium small. Genital pore at esophageal 
level. Ovary globular, 2-lobed, or 3-lobed, 0.08- 
0.27 by 0.09-0.20. Seminal receptacle clavate, 
0.10-0.14 by 0.05-0.08. Laurer’s canal fairly 
long. Uterus occupying all available space of 
hindbody; metraterm about two-thirds as long as 
cirrus pouch. Eggs numerous, asymmetric longi¬ 
tudinally, light brown, 70-90 by 38-46,«m (col¬ 
lapsed in balsam) (72-79 by 3 7-42//m in life), 
fully embryonated. Vitellaria follicles sparse, sur¬ 
rounding intestines between bifurcal level and 
intestinal ends, separate anteriorly and posteri¬ 
orly. Excretory vesicle extending to anterior tes¬ 
tis; excretory pore posterodorsal. 

Remarks. Yamaguti (1934) merely stated that 
Urorchis acheilognathi very closely resembled 
U. goro but differed distinctly from it in the char¬ 
acters of the eggs. Eggs are “0.084-0.09 by 
0.051-0.054 mm” in U. acheilognathi (Yamaguti, 
1934) but “0.063-0.072 by 0.038-0.042 mm," 
each bearing “a small knob-like projection at the 
antiopecular pole” in U. goro (Ozaki, 1927). 


According to the above descriptions, U. achei¬ 
lognathi is distinguished from U. goro by that 
eggs are larger, 70-90 by 38^16«m instead of 
64-84 by 30-42//m; the body is larger, 0.95- 
3.16 by 0.51-1.30 instead of 1.98-2.66 by 0.82- 
0.98; the intestines are longer, usually terminat¬ 
ing in the testicular region instead of scarcely 
entering the testicular region; the sucker width 
ratio is lower, 1:1.3-1.6 instead of 1:1.6-1.8; 
the testes are smaller, 0.16-0.31 by 0.12-0.34 
instead of 0.28-0.41 by 0.19-0.38; and the ejacu¬ 
latory duct is longer, fourth as long as the cirrus 
pouch instead of fifth. 

As mentioned above, U. acheilognathi has 
been recorded from cyprinids (nine species) and 
a salmonid in lakes, ponds, and irrigation canals 
in Chubu Regin (Nagano Prefecture) and Kinki 
Region (Shiga and Kyoto Prefectures). 

Life cycle. Not known. 

Urorchis imba Ishii, 1935 
(Fig. 19) 

Urorchis imba Ishii, 1935: 547-548, figs. 1-2. 

Host in Japan. Pseudorasbora parva 
(Cyprinidae) (type host) (Ishii, 1935). 

Site of infection. Intestine. 

Geographical distribution. Chiba Prefecture: 
Lakes lnbanuma and Teganuma (type localities) 
(Ishii, 1935). 

In China: Sichuan Province (Wang, 1985). 

Material examined. None. 

Description. After Ishii (1935), altered (Fig. 
19). Body [elongate-ovate], 1.64-1.83 by 0.59- 
0.60. Oral sucker 0.16-0.18 in diameter. Pharynx 
0.064-0.079 [in diameter]. Esophagus bifurcat¬ 
ing about midway between pharynx and ventral 
sucker. Intestines ending at midlevel of posterior 
testis. Ventral sucker 0.22-0.24 in diameter. Tes¬ 
tes multilobed [sic, deeply indented irregularly], 
0.143-0.223 by 0.175-0.270, contiguous, tan¬ 
dem, in posterior third of body. Cirrus pouch 
conical [sic, elongate-clavate], anterior to ventral 
sucker, 0.318 by 0.048-0.056. [Seminal vesicle 
bipartite; posterior portion globular], 0.318 by 
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Fig. 19. Urorchis imba, adult specimen found in intestine of Pseudorctsbora pctrva, entire body, ventral view. 
Redrawn from Ishii (1935), modified. Scale unknown. 

Fig. 20. Urorchis sp., adult specimen (MPM Coll. No. 30023) found in Odontobutis obscura, entire body, ventral 
view. Site of infection unknown. Redrawn from Shimazu et al. (2011). Scale bar: 0.5 mm. 

Figs. 21-22. Opecoelidae gen. sp., specimens (NSMT-P1 3100, 3101) found in intestine of Oncorhynchus keta 
(smolts). 21, barely matured adult specimen, entire body, ventral view; 22, immature specimen, entire body, 
ventral view. Scale bars: 0.5 mm. 


0.048-0.056 [«'c]. Ejaculatory duct [sic, should 
be anterior portion of seminal vesicle] [long], 
[more than three times as long as posterior por¬ 
tion] (calculated from fig. 1), winding. Pars pros- 
tatica not differentiated [sic]. Prostatic cells pres¬ 
ent around pars prostatica [.sic] and ejaculatory 
duct [sic, should be anterior part of anterior por¬ 
tion of seminal vesicle] in anterior third of cirrus 
pouch. [Ejaculatory duct very short, about eighth 
as long as cirrus pouch] (calculated from fig. 2). 


Genital pore [sinistrally submedian], a little ante¬ 
rior to intestinal bifurcation. Ovary dextrally sub¬ 
median, nearly round, 0.072-0.095 in diameter. 
Seminal receptacle [sinistrally submedian], 
0.095-0.127 by 0.048-0.064. Mehlis’ gland [dex¬ 
trally submedian.] Uterus running down to poste¬ 
rior extremity of body. Eggs 66-75 by 28-33 jum. 
[Vitelline follicles scattered along intestines (fig. 
1).] [Excretory vesicle not described.] 

Remarks. Ishii (1935) found this species fre- 
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quently but in small numbers in the intestine of 
Pseudorasbora parva from Lakes Imbanuma 
[Inbanuma] and Teganuma. He distinguished the 
species from U. goro as described by Ozaki 
(1927) by an elongate-ovate body, multilobed 
[.sic] testes, a more spiral ejaculatory duct [sic, 
should be the anterior portion of the seminal ves¬ 
icle], a submedian ovary, a submedian seminal 
receptacle, and a submedian Mehlis’ gland. Ishii 
seems to have been unaware of Yamaguti's 
(1934) description of Urorchis acheilognathi. 

As shown above, Ishii’s description is brief 
and includes misinterpretations and erroneous 
measurements of some organs, especially the 
male terminal genitalia (see also Shimazu, 
1990a). The presence of the prostatic cells (figs. 
1-2, PC) in the anterior third of the cirrus pouch 
suggests that the seminal vesicle is long and 
bipartite, with a globular posterior portion and a 
long winding anterior portion; and the ejacula¬ 
tory duct (or penis) is very short, about eighth as 
long as the cirrus pouch. These features readily 
separate U. imba from U. goro and U. acheilo¬ 
gnathi, though it is uncertain at present whether 
they were correctly described. Ishii's original 
specimens need reexamination. The parasite col¬ 
lection of the late Dr. Nobutaro Ishii has been 
deposited in the Meguro Parasitological 
Museum, Tokyo, since 1961. It includes none of 
the original specimens (Takashi Iwaki at the 
MPM, personal communication, 16 November 
2016), which suggests that all of them were lost. 
I was unsuccessful in obtaining any additional 
specimens of U. imba from 172 individuals of 
Pseudorasbora parva collected in Lake 
Inbanuma on 29 October 2011. According to Liu 
(1987), Wang (1985) described U. imba in detail 
from Sichan Province, China. However, this 
description has not yet been available to me. 

Life cycle. Not known. 

Urorchis sp. of Shimazu (1990) 

(Fig. 20) 

Urorchis sp.: Shimazu, 1990a: 211, fig. 17; Shimazu et 

al., 2011: 57, figs. 78-80. 


Hosts in Japan. Odontobutis obscura (Odon- 
tobutidae), Gnathopogon caerulescens (Cyprini- 
dae), and Tanakia limbata (Cyprinidae) 
(Shimazu, 1990a; Shimazu et al., 2011). 

Site of infection. Intestine. 

Geographical distribution. Shiga Prefecture: 
Lake Biwa and irrigation canal at Tai, Kinomoto- 
cho, Nagahama City (Shimazu, 1990a; Shimazu 
et al., 2011; this paper). 

Material examined. (1) 1 specimen (Ozaki's 
Collection, MPM Coll. No. 30023, labeled 
“[Goppo] [Lake Biwa],” other data not given) of 
Urorchis sp., adult, ex Odontobutis obscura. 
Lake Biwa (exact collecting locality not indi¬ 
cated) (Shimazu, 1990a; Shimazu et al., 2011). 
(2) 1 (Yamaguti's Collection, MPM Coll. No. 
22626, labeled “Urorchis,” U. acheilognathi of 
Shimazu (1990a)) of Urorchis sp., adult, ex 
intestine of Gnathopogon caerulescens, Lake 
Biwa (exact collecting locality not indicated), 9 
July 1927 (Shimazu, 1990a; Shimazu et al., 
2011). (3) 1 (LBM 1-37) of Urorchis sp., adult, 
ex intestine of Tanakia limbata, Tai, 25 October 
1997 (Shimazu et al., 2011). 

Description. Measurements of specimen 
from O. obscura given (Fig. 20). Body elongate- 
ovate, 2.40 by 0.61; forebody 0.80 long, occupy¬ 
ing 33% of body length. Oral sucker 0.21 in 
diameter. Pharynx 0.10 by 0.09. Intestines long, 
extending into post-testicular region of body. 
Ventral sucker 0.30 by 0.31; sucker width ratio 
1:1.5. Testes globular, elliptical, or irregular in 
shape, 0.17-0.19 by 0.11-0.13, tandem or diago¬ 
nal, contiguous or separate. Cirrus pouch 0.37 by 
0.02. Ejaculatory duct fairly long. Ovary globu¬ 
lar, 2-lobed, or 3-lobed, 0.16 in diameter. Uterus 
occupying all available space of hindbody. Eggs 
light brown, 72-80 by 32-35^m (collapsed). 
Vitelline follicles extending along intestines. 
Excretory vesicle extending to near anterior bor¬ 
der of anterior testis; excretory pore posteroter- 
minal. 

Remarks. These specimens differ from U. 
acheilognathi, U. goro, and U. imba (this paper) 
in that the intestines are longer, extending into 
the post-testicular region of the body (Shimazu, 
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1990a; Shimazu et al., 2011). Although they 
seem to be different from one another in egg size 
(Shimazu et al, 2011), length of the seminal ves¬ 
icle, and length of the ejaculatory duct, they are 
here treated as the same unidentified species. It is 
desired that they be further critically studied. 

Life cycle. Not known. 

Opecoelidae gen. sp. of Shimazu (1990) 

(Figs. 21-22) 

Opecoelidae gen. sp.: Shimazu, 1990b: 395, figs. 18-19. 

Host in Japan. Oncorhynchus keta (Wal- 
baum, 1792) (Salmonidae) (Shimazu, 1990b). 

Site of infection. Intestine. 

Geographical distribution. Hokkaido: Shin 
River at Hamanaka Town (Shimazu, 1990b). 

Material examined. 6 specimens (NSMT-P1 
3100, 3101), immature, adult, ex intestine of 
smolts (formalin-preserved) of Oncorhynchus 
keta. Shin River, 10 and 11 June 1981 (Shimazu, 
1990b). 

Description. After Shimazu (1990b), altered 
from the present study (Figs. 21-22). Body ovate 
or elongate-ovate, 0.59-0.83 by 0.30-0.35; fore¬ 
body 0.23-0.40, occupying 37-47% of body 
length. Tegument smooth. Eyespot pigment not 
seen. Oral sucker 0.10-0.13 by 0.10-0.15. Pre¬ 
pharynx very short. Pharynx 0.06-0.09 by 0.05- 
0.07. Esophagus bifurcating anterior to ventral 
sucker. Intestines ending blindly near posterior 
extremity of body. Ventral sucker large, 0.16- 
0.20 by 0.19-0.25, with no papillae; sucker 
width ratio 1:1.4-2.5. Testes 0.08-0.11 by 0.12- 
0.17, tandem, in middle of hindbody. Cirrus 
pouch entire, extending to midlevel of ventral 
sucker. Seminal vesicle clavate, long, sinuous, 
may be bipartite. Genital pore sinistrally subme¬ 
dian, at near level of pharynx. Ovary weakly 
3-lobed, dextrally submedian or median, 0.04- 
0.05 by 0.06. Seminal receptacle not seen. One 
uterine egg 46 by 32/rm. Vitelline follicles 
extending from midlevel of ventral sucker to 
posterior extremity of body. Excretory vesicle 
reaching to middle of anterior testis; excretory 


pore posteroterminal. 

Remarks. Five immature and one barely 
matured adult specimens were obtained from for¬ 
malin-preserved smolts of Oncorhynchus keta. 
Although the seminal receptacle was not 
detected, it seems likely that they belong to a 
species of Neoplagioporus, because of a smooth 
tegument, eyespot pigment being absent, relative 
position of the genital glands, an entire cirrus 
pouch, a possible bipartite seminal vesicle, a 
sinistrally submedian genital pore in the fore¬ 
body, the vitelline follicles extending to the pos¬ 
terior extremity of body, and an I-shaped excre¬ 
tory vesicle. It differs from N. zacconis, N. 
kajika, and Neoplagioporus sp. (this paper) in an 
elongate-ovate body and the vitelline follicles 
distributed only in the hindbody and from N. ayu 
and N. elongatus (this paper) in a higher sucker 
ratio. Further, it is different from Neoplagioporus 
glomeratus (Roitman, 1963) in Rhodeus sericeus 
(Pallas, 1776) (Cyprinidae) from Sakhalin Island, 
Russia (Sokolov and Frolova, 2015), in a higher 
sucker width ratio, 1:1.4-2.5 instead of 1:1.4 
(calculated from fig. 3.1); a larger cirrus pouch, 
extending to the posterior border of the ventral 
sucker instead of the anterior border; a 3-lobed 
ovary instead of much more lobed (or indented); 
and larger entire testes instead of smaller 
indented. Better prepared, fully matured adult 
specimens, in which the male terminal genitalia 
and ovarian complex can be clearly observed, are 
necessary for definitive identification of them. 

Life cycle. Not known. 

Discussion on morphological differences 
between Neoplagioporus and Urorchis 

In the present paper, 1 have treated Neoplagio¬ 
porus and Urochis as separate genera in the sub¬ 
family Plagioporinae. They are distinguished 
from each other mainly by the uterine area, 
embryonation of uterine eggs, and posterior 
extent of the vitelline follicles (see the above 
key). 

Fayton and Andres (2016) have recently car¬ 
ried out a phylogenetic analysis of partial 
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sequence data of the large subunit region of the 
ribosomal RNA gene (28S rDNA) of freshwater 
plagioporines of the Holarctic. Their material 
used for sequencing and morphological observa¬ 
tion included some specimens of N. zacconis, N. 
ayu, N. elongatus, U. goro, and U. acheililo- 
gnathi from Japan (Palaearctic). These five Japa¬ 
nese species formed a clade that differed from a 
clade formed by seven species of Plagioporus 
Stafford, 1904 from North America (Nearctic) in 
a clade of the Plagioporinae. Neoplagioporus and 
Urorchis were sister to each other. Neoplagiopo¬ 
rus zacconis + N. ayu and N. elongatus + U. 
acheilognathi + U. goro were sister to each other. 
They could not discern a difference in the embry- 
onation of the uterine eggs in their specimens of 
Urorchis and Neoplagioporus. They considered 
that differences in posterior extent of the uterus 
and embryonation of uterine eggs were not sig¬ 
nificant enough to separate Neoplagioporus from 
Urorchis and suggested that Neoplagioporus was 
a junior synonym of Urorchis. 

In Urorchis, the uterus is coiled from the tes¬ 
ticular region of the body to the ventral sucker in 
immature specimens, in which the testes are 
close to the posterior extremity of the body 
(Shimazu, 1990a, fig. 8), However, it is coiled in 
all available space, even in the lateral fields and 
post-testicular region of the hindbody, in fully 
gravid adult specimens, in which the testes are 
quite separate from the posterior extremity 
(Shimazu, 1990a; Shimazu et al, 2011; this 
paper). It may be inferred from this that, after 
worms attain sexual maturity, as the body itself 
grows further as usual in other genera and the 
uterine area widens largely in the preovarian 
region of the hindbody and especially on either 
lateral side of the body (Ozaki, 1927, fig. 5; 
Shimazu, 1990a, figs. 2-5), and the post-testicu¬ 
lar region gradually elongates posteriorly, so that 
the uterus comes to fill up all available space of 
the hindbody in fully gravid adults with the elon¬ 
gated post-testicular region. This posterior elon¬ 
gation of the post-testicular region filled up with 
uterine coils has not been observed in Neoplagio¬ 
porus. Although Ozaki (1927) did not mentioned 


the embryonation of uterine eggs in U. goro, 
uterine eggs certainly become fully embryonated 
in gravid adults of Urorchis (Yamaguti, 1934; 
Shimazu, 1990a; Shimazu et al., 2011; this 
paper). This embryonation of uterine eggs has 
not been observed in Neoplagioporus. As for 
morphological similarity or difference between 
Urorchis and N. elongatus, weakly matured spec¬ 
imens of Urorchis (Shimazu, 1990a, figs. 4 and 
11-12; Shimazu et al., 2011, fig. 69) are similar 
to adult specimens of N. elongatus (Shimazu, 
1990b, figs. 11-14; Shimazu et al., 2011, figs. 56 
and 58-59; this paper, Figs. 8-9) in that both of 
the intestines and vitelline follicles terminate in 
the testicular region close to the posterior 
extremity, though the uterine area is wider in the 
weakly matured specimens of Urorchis. The 
uterus extends to the posterior border of the pos¬ 
terior testis or slightly more in the weakly 
matured specimens of Urorchis but only to the 
anterior testis in the adult specimens of N. elon¬ 
gatus (Shimazu, 1990b; Shimazu et al., 2011; 
this paper, Fig. 6). The vitelline follicles are 
absent in the post-testicular region in the adult 
specimens of Urorchis but either present or 
absent in those of N. elongatus. Neoplagioporus 
and Urorchis thus distinctly differ from each 
other in adult morphology. Further morphologi¬ 
cal, life cycle, and molecular studies of Neopla¬ 
gioporus and Urorchis are required. 
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